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Introduction*
Although the sc ien ce  o f chemotherapy may tru ly  be sa id  to have 
been introduced by E h rlich , i t  i s  with the synthesis o f s a l ic y l ic  acid  
by Kolbe, and i t s  a p p lica tio n  as an anti-rheum atic drug by Buss, 
th at the f i r s t  rea l union o f  syn th etic  organic chem istry with m edical 
scien ce  i s  recorded. The work o f  Ehrlich esta b lish ed  the important 
new concept o f s p e c if ic  a c tiv e  groupings in  each th erapeutic agent, 
and h is  in v estig a tio n s  were carried  out with a breadth o f  v is io n  
s u f f ic ie n t  to  gather togeth er  th e  m aterial foundati ons o f a new sc ie n c e , 
but the work o f Kolbe and Buss co n stitu ted  a search for the activ e  
p rin c ip le  in  an old remedy, the is o la t io n  and ch a ra cter isa tion  of 
the p r in c ip le , and th e  confirm ation o f  th e formula by syn th etic  methods 
culm inating in  the replacement o f the v a r iab le  natural product by the  
pure sy n th etic  product as a therapeutic agent. I t  i s  th erefore  
not u n fitt in g  th at "Chemical Studies o f Therapeutic Compounds" should  
be concerned prim arily with a search fo r  fu rther anti-rheum atic 
drugs w ith the va lu ation  and assessment o f the pharmacological and 
biochem ical changes resu lt in g  from s a l ic y la te  adm inistration  forming 
a b a sis  fo r  the p ro jec t.
Such b asic  work i s  naturally  predominantly c l in ic a l  in  nature.*
I t  i s  the physician who must be fam iliar  with the natural course of 
the d ise a se , so th a t he may d istin g u ish  the abnorm alities which resu lt  
from i t ,  and as far as p ossib le  recognise c lea r ly  the c h a ra cter is tic
primary e f fe c t s  o f  th e d ise a se . When the d isease process can be 
re la ted  to  a w e ll defined  abnormality, sp ecu lation  as to  the mode of action  
o f a drug is  p o ss ib le , and the search for  new drugs can continue on 
a b a sis  o f hypothesis and t r i a l .  Fortuitous d isco v er ies  may s t i l l  
occur, but the ordered progress of chemotherapy, as o f the other sc ie n c e s , 
must be based on th eo re tica l conception and p ra c tica l examination. When 
the physician  has succeeded in  determining a c h a r a c ter is tic  e f fe c t  
of th e d isea se , further progress i s  p o ss ib le .
From the p ra ctica l standpoint, i t  i s  a lso  most h e lp fu l i f  the d isease  
can be reproduced in  animals. The same ch a ra c ter is tic  abnormality 
may then be followed by a pharmacologist working with laboratory animals 
such as mice and r a ts , so that i n i t i a l  t r ia l  of new drugs may 
be completed much more quickly than i s  p ossib le  with p a t ien ts . At the  
same tim e, the pharmacologist determines the to x ic  dose and i f  possib le  
the e f fe c t iv e  therapeutic dose o f  the drug in  question , so that before  
healthy adults or p a tien ts  are given the drug not only the lim its  of 
sa fe ty  in  dosage, but also  some in d ica tion  o f the probable e f f e c t ,  may 
both have been determined.
With the form ulation o f a hypothesis and the need to  t e s t  i t  
by t r ia l  of new drugs, the organic chemist i s  required for sy n th etic  
work. When the in i t ia l  basis  of the project has been esta b lish ed  i t  
i s  p ossib le  to suggest drugs which may.require to  be syn th esised , and 
th is ,  of course, i s  the c h ie f  contribution  of an organic chemist to  
such a p roject. But there is  need and opportunity not only for the
preparation o f new drugs by syn th esis or ex tra ctio n , but a lso  for  
determ ination o f methods o f examination of the e f f e c t s  o f the drug. Thus 
i t  i s  u se fu l to  know not only the dosage of a drug but a lso  the plasma 
concentration  r esu lt in g , and the v a r ia tio n  in  the plasma concentration  
from p atien t to  patien t when the same dosage i s  adm inistered.
In v estig a tio n  of the mode o f ac tio n  of the drug invariab ly  c a l l s  for 
a considerable number o f a n a ly tic a l determ inations in  b io lo g ic a l f lu id s ,  
and the varying e f fe c t s  of the drugp frequently n e cess ita te  
m od ification  o f ex ist in g  methods to ensure accurate eva lu ation s.
From the proportion o f the drug dose excreted , from the time 
elapsing before excretion  i s  complete, and from the nature of the  
degraded and conjugated drug products id e n t if ie d , much may be in ferred .
I f  the p a tien ts  under examination are maintained on a known balanced 
d ie t  throughout the course o f the in v e s tig a tio n , i t  i s  possiblejby 
analysis o f the excreted m aterial to  determine to  some extent the  
e f fe c t  of the drug on the metabolic processes of the body.
With such inform ation obtained for any one drug, and a knowledge 
o f i t s  chemical and physical p rop erties, i t  may be possib le  to  formulate 
a hypothesis which may be te s ted  by the synth esis and c l in ic a l  t r ia l  o f  
a farth er compound. Thus ju s t  as c l in ic a l  observations co n stitu te  a 
s p e c ia lise d  f ie ld  for  the physician, so the synth esis o f new drugs forms 
a sp e c ia lise d  chemical f i e ld ,  but between these two extremes of 
sp e c ia l isa t io n  there remains a wide range of research in  chemotherapy 
in  which the grea test co-operation and mutual understanding i s  o f great value.
Such a project i s  to  sane extent outlined  in  th is  sy n th es is .
The treatment of rheumatic fever  with sodium s a l ic y la te  i s  widespread, 
but a great deal i s  as y e t unknown as to  the cause of the d isea se .
I t  was hoped, th erefo re , that an i n i t i a l  in v e s tig a tio n  in to  the mode 
o f a c tion  of the drug, w ith carefu l c l in ic a l  and biochem ical assessment 
o f the rem ission o f the d isea se  under treatm ent, might g ive  an 
in d ica tio n  o f the mode of action  of sodium s a l ic y la te  and sane in sig h t  
in to  the d isease  process, and at the same time in d icate  sane p ossib le  
a ltern a tiv e  drug. This work and i t s  immediate consequences w i l l  be 
outlined  in  the follow ing pages.
4 .
Sodium S a licy la te .
Although In o la ss ic a l times Hippocrates has given a remarkably 
unmistakable aocount of the typ ica l symptoms o f rheumatic fever, 
in  the la t te r  days of the Roman Empire there arose ever increasing  
confusion of the disease with other jo in t conditions. This decadence 
of medical perceptions la sted  throughout the middle ages, with 
medical w ritings of the period indicative of the m ystical and
of the alchem ists, ju st as current medical 
writings indicate an e s se n tia lly  factual s c ie n t if ic  approach. In 
th is  connection, i t  i s  in terestin g  to  note that work by Cullen in  
Ei^^ur|hFlAf 1769 ^^  wks among the f ir s t  to show a su f f ic ie n t ly  
analytica l approach to the mass of confused and contradictory data 
available to d ifferen tia te  acute from chronic rheumatism and to  
distinguish  them from gout and other sim ilar jo in t a f f l ic t io n s .
Thus from the 18th century to the present day a stead ily  increasing  
in sigh t in to  the symptoms o f rheumatic fever has made possib le i t s  
d istin c tio n  from other sim ilar d iseases, and greatly fa c ilita te d  
i t s  treatment.
The ch aracteristic  features o f acute rheumatic fever are 
Olevation of body temperature, abnormally high pulse ra te , jo in t  
pain and swelling* and inflammation of the heart. Relapse i s  a 
frequent featu re of the course of the d isease, and recurrent attacks
are common. These e s s e n t ia l  m an ifestations o f  aoute rheumatic 
fev er  are now c le a r ly  recognised and noted.
The e f f ic ie n c y  o f m edical treatment o f rheumatic fev er  has 
c lo s e ly  p a ra lle led  the accuracy of d iagnosis throughout the yea rs . 
E xtracts o f w illow  and poplar bark and leaves containing s a l ie in ,  
a g lycoside  o f 0,'hydroxy benzyl a lco h o l, and o f birch bark contain ing  
g ly co sid es  o f  methyl s a l ic y la te  have been used in  medicaments for  
over 2000 years. Hippocrates and P lin y  a lik e  r e fe r  to  p rescr ip tio n s  
the activ e  p r in c ip le  o f which i s  now known to  be s a l ic y l ic  acid* 
However, in te r e s t  in  the a c tiv e  p rin c ip le  arose only when i t  was 
found towards the end o f the 18th century th at these w illow  bark 
ex tra o tsw ere  an e f f e c t !v e s u b S li tu te  fo r  th e r e la t iv e ly  scarce  
*Peruvian bark” containing quinine* Thus the gradual d u llin g  o f  
d iagn ostic  aCcumen which had concentrated a tten tio n  almost 
ex c lu s iv e ly  on the more obvious pyrexia a sso c ia ted  with rheumatic 
fev er , w ith the consequence th a t treatment was predominantly w ith  
a n tip y re tic s , was instrum ental in  e ffe c t in g  the introduction  o f
s a lic y la te  treatment fo r  the d isea se .
( 2 )In I858 P ir ia  prepared s a l ic y l ic  acid  from s a l ie in ,  but
(x)
i t  was not u n t i l  Kolbe in  18?4V - synth esised  th e  acid  by d ir e c t
carbonation o f sodium phenate th at a p le n t ifu l ,  pure and moderately
(4)
priced supply was a v a ila b le • Buss , te s t in g  K©lbef s acid  fo r  
i t s  an tip y retic  property, found th at i t  was excep tion a lly  e f fe c t iv e  
in  the treatment o f  acute rheumatism as compared with other fevers*
A year la te r , in  I 876, Madagan ^ p u b lis h e d  h is  own independent 
observations f u l ly  confirming the work o f Buss, and from th at time 
the drug has remained in  general use in  the treatment of rheumatic 
fever*
Even today, however, some controversy remains over th e  much 
debated question  o f  whether sodium s a lic y la te  a c tu a lly  cures rheumatic 
fev er  or whether i t  merely a l le v ia te s  symptoms* The use o f  a sp ir in  
(a c e ty l s a l ic y l ic  acid) as a treatm ent fo r  headache i s ,  o f  course, 
widespread, and there is  no reasonable doubt th a t s a l ic y la te  has 
some analgesic  a c tio n , but a m ild, deep seated  a c tio n  o f th is  
so r t i s  not e a s i ly  measured, and no accurate assessm ent has as yet  
been made* The a n tip y retic  a c tio n , though obvious, i s  not easy  
to  exclude in  considering i t s  a c tio n  on th e general course o f the  
disease* S a lic y la te  w il l  undoubtedly reduce the body temperature 
o f rabbits or men su ffer in g  from fev er  induced fey d iffe re n t means, 
but the basic  question  as to  whether sodium s a lic y la te  a c tu a lly  
oures rheumatic fev er  remains. Moreover, in  dealing with rheumatic 
fev er  an ever-present obstacle to  securing tru ly  s ig n if ic a n t  data  
i s  spontaneous rem ission o f the d isea se , l ia b le  to  occur a t any 
tim e, whether or not the p a tien t i s  undergoing treatment*
However, in  19^5 Coburn considering th e  re la tion sh ip
between plasma s a lic y la te  concentrations and rem ission o f symptoms, 
as opposed to s a l ic y la te  dosage and c l in ic a l  observations th er e a fte r , 
determined the e f fe c t iv e  plasma concentration to be 35-40 mg*J&*
7 .
He found th a t while a dosage o f 2 g . four hourly making a to ta l  
d a ily  dose of 10-12 g . was in  general sa t is fa c to r y  in  a tta in in g  
th is  concentration  o f sodium s a l ic y la t e ,  many cases occurred in  which 
p a tien ts  receiv in g  th is  dosage did not a t ta in  a s u f f ic ie n t ly  high  
blood concentration . Coburn a lso  introduced to  rheumatic fever  
the important concept of the high i n i t i a l  dose to  bu ild  up an e f fe c t iv e  
plasma concentration o f drug as quickly as p o ss ib le , rather than a 
g en tly  in crea sii^  dose which may sometimes g ive  le s s  sa t is fa c to r y  
resu lts*
The work ©f Coburn was confirmed and considerably developed  
by Reid who in v estig a ted  the p o s s ib i l i t y  o f  e f fe c t iv e  cure by 
sodium s a iic y la te  as opposed to  mere r e l i e f  o f symptoms. He 
confirmed the importance o f a blood concentration  o f  30-40 mg. $ 
but s tressed  the n ecess ity  for frequent d e tem in a tio n s , since not 
only i s  i t  im possible to  be cer ta in  of reaching t h is  e f fe c t iv e  
concentration w ith any given dosage, but a lso  i t  i s  im possible to  
be cer ta in  o f maintaining th is  concentration with the same dose, 
even when i t  has been reached. Frequent observations e sta b lish ed  a 
d is t in c t  tendency for  the concentration to f a l l  a fte r  6-8 days, so 
th a t in  some p a tien ts  a relapse might occur apparently in  sp ite  o f  
adequate s a lic y la te  dosage, but a c tu a lly  due to  an in s u f f ic ie n t ly  
high plasma s a lic y la te  concentration. I t  i s  probable th at much 
previous c o n flic t in g  evidence could be ra tio n a lised  i f  th is  fa c t
i s  taken in to  con sid eration .
He a lso  observed th a t the flu c tu a tio n s  in  the rate  o f  c l in ic a l
improvement e f  the p a tien ts  were c lo se ly  p a ra lle led  by the
v a r ia tio n  in  the erythrocyte sedim entation rate  (E *S .R .),a  measure
o f the rate  o f s e t t l in g  o f erythrocytes in  whole blood* While
the patien t was improving the sedim entation ra te  f e l l  from the high
i n i t i a l  va lu es always found in  p a tien ts  su ffe r ii^  from rheumatic
fever* but when a temporary relapse due to  a f a l l  in  plasma
concentration  o f s a l ic y la te  occurred* the erythrocyte sedim entation
rate again began to  r ise*  F in a lly , when the patient was cured*
and s a l ic y la te  adm inistration ceased, the E*S*R. returned to  a more
normal value* .There is  some evidence from experiments in  v itr© ^ ^ )
th at the a lte r a tio n  in  sedim entation ra tes o f erythrocytes may be
due to  d irec t physical a c tio n  of sodium s a l ic y la te  in  the blood*
rather than a secondary r e s u lt  o f the breaking o f  the d isease process*
but Reid, esta b lish ed  th a t a decrease in  the E.S.R* does g ive  a
p ra c tica l ob jective  measure of the degree of improvement o f theppatient*
In the same paper* however* Reid a lso  made cer ta in  prelim inary
observations on the re la tio n sh ip  between th ese  unexpected f a l l s  in
plasma s a lic y la te  concentration and the urinary pH and plasma COg
combining poser*. Small* Wegria and Leland had found th at when
. sodium bicarbonate was given  together with sodium s a lic y la te  a lower
plasma s a lic y la te  concentration was reached* SmitW suggested
/e t  al*f
th a t t h is  was due to  increased excretion  in  u r in e . Reid net only  
confirmed these observations, but a lso  showed th at when a relapse  
due to  a f a l l  in  plasma s a lic y la te  concentration occurred in  a 
p a t ie n t , an increase in  urinary pH and plasma COg combining power was 
thei/rwariable accompaniment, whether the p atien t was receiving 
treatment w ith sodium s a lic y la te  and sodium bicarbonate, or with 
sodium s a lic y la te  alone* When the plasma and urinary s a lic y la te  
concentrations were r is in g , the sodium bicarbonate concentration  
o f the plasma and urinary pH were f a l l in g .  Moreover, when an 
e f fe c t iv e  plasma s a l ic y la te  concentration was maintained, and regression  
o f the d isease  as in d icated  by c l in ic a l  observations and by a f a l l  
in  the E* S.R. occurred, urine^ output always increased consi derably.
With the importance o f  the plasma concentration o f s a l ic y la te  
and i t s  r e la tio n sh ip  to  the E.S.R. thus esta b lish ed , the mode o f  
action  of the drug became of immediate in te r e s t ,  and th ese  observations 
on the v a r ia tio n s of the bicarbonate ccntenb of the plasma and urinary 
pH values were s u f f ic ie n t  to  in d ica te  th at further a tten tio n  might 
w ell be paid to  th e ir  f lu c tu a tio n s . Accordingly, with the  
co-operation  o f seven adult p a tien ts  a d e ta iled  study was made o f the 
progress o f  rheumatic fever under treatment w ith sodium s a l ic y la t e ,
(R eid, Watson and Sprou ll, Quart; J . Med., 19$0, 19* l)*
Some account o f th is  work w il l  now be given* I t  w i l l  be 
appreciated th at the aim was to e sta b lish  fu rther the lin k s  between
plasma s a lic y la te  concentration , r e l i e f  o f  d isea se  symptoms and 
f a l l  in  E .S .R ,, and a t the same time to  trace as fa r  as p ossib le  
the b io lo g ic a l changes accompanying each stage o f the rem ission o f  
the d isease  process.
The to t a l  water present w ith in  the body includes two main 
d iv is io n s: the in tr a c e llu la r  water, which i s  the volume of water 
w ith in  the c e l l s ,  and the e x tr a ce llu la r  f lu id  which comprises a l l  
f lu id  outside the c e l l s .  The ex tr a ce llu la r  f lu id  may be further  
subdivided in to  th e  plasma water, which i s  th e  volume o f blood  
c ircu la tin g  in  the body exclu sive  o f  the bLood c e l l s ,  and the  
in t e r s t i t ia l  water which i s  the remainder o f the e x tra ce llu la r  f lu id .  
The changes in  volume o f  these d iv is io n s  o f body water were follow ed  
by d irec t and in d irec t measurement.
Thus the v a r ia tio n  in  to ta l  body water was follow ed by 
constant measurements of body w eight, urine volume and f lu id  intake  
throughout the period the p atien t was under observation. Losses 
due to  sweating and resp ira tio n  were|not accounted fo r , so that 
although a reduction in  to ta l  body water i s  cer ta in ly  im plied  
by a considerable f a l l  in  body weight accompanied by a urine volume 
much in  excess @f f lu id  intake, an increase in  body weight and a 
f lu id  intake in  excess of urine volume can le s s  surely  be ascribed  
to  an increase in  to ta l  body water.
The velume ©f the blood plasma was in v estig a ted  d ir e c t ly  by 
measurement o f  the degree o f d ilu tio n  o f an in je c t io n  o f the dye 
T 18.24512 \
Within the c e l l s  o f the body, potassium c o n s t itu te s  about 
95$ o f the to t a l  ca tio n  present, so th a t by fo llow ing  the potassium  
"balance" (potassium  intake given by the d ie t l e s s  the urinary  
potassium ex cre tio n ), an assessment was made o f  the var ia tion s in  
in tr a c e llu la r  water. Again, a l l  lo s s e s  were not taken in to  
con sideration  so th at more importance must be attached to  the decrease  
in  in tr a c e llu la r  velume im plied by a urinary potassium excretion  
greater  than potassium intake than to  th e opposite case o f  a p o s it iv e  
; . p o t a s s i i ^ . ^ ^ s n e e ^ «  . * ;
S im ila r ly , in  e x tr a ce llu la r  water the dominant ion s are sodium 
and ch lorid e , so  that by measuring th e  sodium and ch lorid e  intakes 
and urinary outputs a measure o f th e  flu ctu a tio n s  o f e x tr a ce llu la r  
water was p o ss ib le .
Plasma protein  and non-protein nitrogen determ inations, together  
with a measure o f the nitrogen intake and urinary nitrogen output, 
gave some in d ica tion  o f  the e f fe c t  of sodium s a l ic y la te  on protein  
metabolism, while the acid-base changes in  the plasma were follow ed  
by measurement o f the pH and CQg content. Five o f  the p atien ts  
were given  l.f? g. sodium s a lic y la te  o r a lly  every four hours, and 
fo r  comparison purposes two were given  2 g. sodium s a lic y la te  and
2 g . sodium bioarbonate every four hours. The re la tio n sh ip  between
plasma s a lic y la te  concen tration , 12. S. R. and c l in ic a l  cond ition
w i l l  f i r s t  be d iscu ssed ,fo llow ed  by observations on the absorption,
excretion  and degradation of sodium s a lic y la te  and f in a l ly  by the
r e su lts  o f  plasma acid-base in v estig a tio n s  and the body water s tu d ie s .
Plasma s a lic y la te  concentration, E .S.R . and c l in ic a l  condition*
In a l l  seven p a tien ts  an e f fe c t iv e  plasma s a l ic y la te
concentration o f 25-40 mg. % was atta ined  w ith in  fiveed ays, with
the disappearance o f acute rheumatic m an ifestation s, and a n oticeab ly
increased depth and decreased rate  of breathing. At the same time
buzzing in  the ears ( t in n itu s ) ,  which has previously  sometimes been
taken As an in d ica tio n  that an e f fe c t iv e  s a l ic y la te  concentration
has been reached, slowing of the pulse ra te , lo s s  o f  a p p etite ,
deafness and drowsiness began to appear. These la t t e r  symptoms and
sig n s  taken togeth er were so ty p ica l that they may be ch aracterised  as
the "special s a l ic y la te  syndrome”. They can ju s t ly  be regarded as the
in c ip ien t symptoms o f s a l ic y la te  poisoning, but although these le s s
desirab le  e f f e c t s  o f  s a l ic y la te  therapy.may be observed to  some s l ig h t
exten t even when the plasma s a lic y la te  concentration i s  around the
u su a lly  safe  figu re o f 5^-40 mg, ^  at th is  concentration they were
more m ildly troublesome than serious* At th is  stage in  the
as
treatment the E.S.R,/may be seen from Table I had not begun to  
decrease, and was in  some cases, even showing an appreciable increase*
15-
Table I*
The Erythrocyte Sedimentation Hate and S a lic y la te  Adm inistration.
Case I n i t ia l
Value
Value during 
adm inistration
(day 3 - 5 ) 
mm/hr.
Value on * 
la s t  day o f  j 
desage 
(day 9- 19) 
mm/hr.
P inal
Value
(day 1)
123 117
104118
107 121
111 119
100103
117
108
Cases 3 and 6 were given  sodium bioarbonate and 
sodium s a l ic y la te ,  the ethers received  sedium 
s a l ic y la te  only.
In the second stage  e f  the treatment there was a marked 
divergence ©f condition  among the p a tien ts . In the f i r s t  group 
e f  four, who maintained a s a l ic y la te  concentration o f 3Q-$8 mg. { ,  
the symptoms o f  the s a l ic y la te  syndrome abated, w hile the E.S.R* 
began to  f a l l  f a ir ly  slow ly and s te a d ily . But in  the second group 
o f three p a t ie n ts , whose plasma s a lic y la te  concentrations rose to  
63-72 mg. % the symptoms o f the syndrome were considerably
in te n s if ie d  and seme mental confusion developed, so that by the 
tenth  day s a lic y la te  had to  be discontinued fo r  a few days u n t i l  
treatment could s a fe ly  be resumed.
When treatm ent was completed, the E.S.R, had fa l le n  considerably  
with aocompanyixg sign s of marked c l in ic a l  improvement, and th e f in a l  
values measured one to  three weeks a f te r  withdrawal o f the drug, 
when the condition  o f the p a tien ts  remained much improved, showed 
seme fu rther f a l l  towards mere normal values (10-20 mm./hr). 
Absorption, ex cretio n  and degradation o f  sodium s a l ic y la te .
The absorption e f  s a l ic y la te  throughout th e period o f treatm ent
was found to  be remarkably high . The t o t a l  s a lic y la te  excreted
in  the urine and faeces o f the four p a tien ts  who received sodium
s a lic y la te  alone was estim ated ce lo r im etr io a lly  and the completeness
o f  absorption from the g a s tr e - in te s t in a l tr a c t  was assessed  by
comparing the t o t a l  ora l dose with the amount o f s a lic y la te
recovered from the fa eces . T otal excretion  was taken as the sum
of the s a lic y la te  present in  the urine and in  the fa e c e s* s in ce  
(15)i t  has been shown ? th at the lo s s  in  sweat# the other p o ss ib le  
method o f ex cretion , i s  n e g lig ib le . I t  i s  evident from th e  fig u res  
given  in  Table I I  that only a small fra ctio n  o f the to ta l  dose i s  
excreted  in  the fa e c es . Since incubation experiments involving  
add ition  o f  known q u a n tit ie s  o f s a l ic y la te  to  faeces ind icated  th at 
there was but s l ig h t  p o s s ib il ity  th a t the drug might be destroyed
Table II*
Urinary and Paecal S a licy la te  in  R elation  
to  dose.
Total dose Total urinary s a l ic y la te Total fa eca l s a l ic y la te
Base g. g* $ o f dose g. i» o f  dose
1 6o 12.2 20.5 1.2 2 .0
4 135 41.3 3 0 .7 2.0 1.5
5 147 35-9 24.4 2.0 1.3
7 155 3 4 .3 25.5 1.2 0 .9
in  the bowel, i t  fo llo w s th at the to t a l  s a l ic y la te  excreted  in to
the urine and fa eces  to ta ls  only 22-52 $  o f th e to ta l  dose. Thus
even a fte r  prolonged oral adm inistration  p r a c tic a lly  a l l  adm inistered
s a l ic y la te  i s  absorbed, and o f the to t a l  absorbed 68-78 % i s
degraded in  the body. This confirms the short term stu d ies  o f  
(15)Hanzlik J and in d ica te s  further th a t rate of absorption and
excretio n  do not change appreciably with prolonged dosage. I t  a lso
seems possib le  th at the v a r ia tio n s  in  plasma concentration resu ltin g
from th e same dosage o f  sodium s a l ic y la te  must be explained not by
varying rate o f absorption , but by varying ra te  of degradation.
Acid-base ch aises in  plasma. The plasma pH prim arily depends on
the HoC0_ : NaHCO. r a t io  in  the blood. Accordingly, to  increase the d 5 3
o v era ll accuracy o f  the examination of acid-base changes in  the 
blood, both a d irec t plasma pH measurement and a measure e f  th e  plasma 
C02 content were made in  the four p atien ts  receiv in g  sodium s a lic y la te  
only, while in  the p a tien ts  receiv ing both sodium s a lic y la te
l6 .
and sodium bicarbonate the plasma pH determ ination only was made.
On sta r tin g  s a lic y la te  treatment the plasma pH rose from high i n i t i a l  
values o f 7*50 to  7*62 to peak values of 7*58 to  7*75 w ith in  the 
f i r s t  ten  days. T hereafter the pH value f e l l  slow ly , s e t t l in g  at 
a value somewhat lower than the i n i t i a l  value seme days a fte r  
s a l ic y la te  dosage had ceased. The in d ica tio n s are th erefore  th at an 
alkalaem ia i s  a natural tendency in  rheumatic fever and i s  in te n s if ie d  
by sodium s a lic y la te  treatm ent.
Indiv idual v a r ia tio n s in  plasma COg content were g rea ter , but 
the general trend was c le a r . The i n i t i a l  values of 48-35 veflLs. o f 
COg from 100 ml. of plasma f e l l  to  23-39 w ols. per 100 ml. during the  
f i r s t  week, but decreased farth er  only i f  the higher range o f  plasma 
s a l ic y la te  concentration (68-73 %) was reached. The in te n s ity
o f the s a l ic y la te  syndrome was in v erse ly  proportional to  the plasma 
COg content. When s a l ic y la te  treatment was terminated the plasma 
COg content of a l l  fcur cases rose again  w ith in  a few days to  49-36 
v o ls .  per 100 ml. I t  i s  thus ind icated  th at one e f f e c t  o f s a l ic y la te  
treatment i s  to  lower the plasma COg content.
C onsideration o f th ese  resu lts  i s  most in te r e s t in g . A r is e  
in  plasma pH accompanied by a f a l l  in  plasma COg content shows th at  
COg i s  removed from the plasma by the lungs much more rap id ly  than 
sodium i s  excreted by the kidneys, so th a t the HgCO^ iNaHCO^  r a tio  i s  
diminished and plasma pH r is e s .  The outward m anifestation  o f  th is
plasma 11f
pH
plasma
s a lic y la te
(mg./lOOml)
dyys
The re la tion sh ip  between s a lic y la te  concentr&tion, pj.*.siua ob.i con 
dioxide content, and plasma pH in  a case of rheumatic fever  treated  
with sodium sa licy la te#
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content
(vols/!OOml0
resp iratory  a lk a lo s is  i s  the deep breathing observed in  a l l  patients*  
The re la tio n sh ip  is  conveniently  expressed in  Fig, I*
Plasma Volume. From unusually high i n i t i a l  va lu es of 3*3 to   ^ L* 
the plasma volumes o f the four p atien ts who avoided e x ce ss iv e ly  high  
plasma s a l ic y la te  concentrations rose sharply to  4 .4  to  3*5 L ., then 
f e l l  gradually t i l l  a few days a fte r  s a l ic y la te  treatment had ceased  
a f in a l value considerably lower than the i n i t i a l  value was reached.
A s im ila r , though le s s  marked,change was noted by York and Fischer
(14)in  1947 • In the three p a tien ts  in  whom the s a lic y la te  syndrome
developed, i n i t i a l  va lu es were markedly high, so  th a t a gradual f a l l  
in  plasma volume occurred throughout the treatment. I t  would seem, 
th erefore , that a high plasma volume i s  another natural featu re ©f 
rheumatic fever  which i s ,  where p o ss ib le , f i r s t  in te n s if ie d , then 
removed on treatm ent with sodium s a lic y la te . In attempting to  
exp la in  th ese changes in  plasma volume the protein  and mineral content 
o f plasma must be considered, and th ese  w il l  now be d iscussed  in  turn • 
Plasma protein  and nitrogen balance. A fter the f i r s t  few days of  
s a lic y la te  therapy, the plasma protein  concentration lik ew ise  f e l l  
fa ir ly  s te a d ily , the f a l l  continuing u n t il  seven to  nine days a fte r  
the completion o f s a lic y la te  dosage. Moreover, i t  w i l l  be appreciated  
from th e data given in  Table III  that the lo s s  ©f protein  was 
r e la t iv e ly  much greater than the change in  plasma volume, in d icating  
th at there was a true f a l l  in  to ta l  plasma protein  and not merely a 
d ilu tio n  of the i n i t i a l  quantity present.
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Fig i l
plasma
p ro te in
(g ./ l0 0 tt l)
'’balance”
(g*)
plasma
non-protein
nitrogen
(mg./lOOral)
Days
The r e su lts  o f the plasma p rote in , plasma non-protein nitrogen  
and nitrogen "balance” determ inations in  a case o f rheumatic 
fever treated  with sodium s a l ic y la te .
*2 1 .
Thus the t o t a l  plasma p ro te in , ca lcu la ted  from the observed
concentration and the plasma volume, f e l l  from an in i t i a l  average
o f JOkg, t’0 average o f 222g. 7-9 days a fte r  treatment had begun,
an average reduction o f about 82g. protein* A consideration  o f the
plasma non-protein nitrogen and nitrogen "balance" fig u res  develops
the p ictu re of protein  breakdown s t i l l  farther* During the period
o f e f fe c t iv e  s a l ic y la te  therapy nitrogen output was c o n s is te n tly
greater  than nitrogen in take, while the f a l l  in  non-protein n itrogen
on withdrawal o f s a l ic y la te ,  in d ica tin g  c essa tio n  o f p rote in  breakdown,
was most marked. The progressive breakdown of plasma protein  and
high nitrogen exoretion  i s  c lea r ly  demonstrated in  the ty p ica l graphs
(15)shown in  Pig II* The postu late o f  Madden and Whipple y th at an 
equilibrium  between e irc u la tir g  and c e llu la r  p ro te in  w i l l  e x is t  even 
w hile to ta l body n itrcgen i s  being reduced, i s  considerably strengthened  
by these observations.
Total body water* As may be seen  from Table IV a f a l l  in  body weight 
does occur during s a lic y la te  therapy. The progressive f a l l  in  
body weight was a ssoc ia ted  with a steady r ise  in  urine volume, so th at 
there i s  l i t t l e  doubt th at a dim inution o f to t a l  body water occurs.
The marked increase in  urine output and decrease in  body weight 
immediately a fte r  cessa tio n  o f  therapy i s  a c h a r a c ter is tic  feature ©f 
p a tien ts  under treatment w ith sodium s a lic y la te  alone, and co n stitu te s  
the f in a l removal ©f excess water, from the body.
Table IV.
Body Weight and S a licy la te  Therapy.
Case Weight before  
i s a l ic y la te  
adm inistration
(Kg.)i .
Weight on 
la s t  day o f  
s a lic y la te  
adm inistration
(Kg.)
. .
Weight 
7-14 days 
a fte r  
c essa tio n  
of therapy 
(Kg.)
-------------
1
Total 
reduction  
in  w eight.
(Kg.)
2 73.4 68.4 3 .0
4 56.2 67.8 j?2.0 4 .2
5 71.0 67.fi 67.0 4 .0
7 55 .4i 53-2 53.0 2 .4
E x trace llu lar  water. The variation s in  the sodium and ch loride  
“balances1 and thus in  e x tra ce llu la r  water, o f a ty p ica l patien t 
rece iv in g  sodium s a l ic y la te  only are represented in  F ig. I I I .  I t  
w il l  be seen th at urinary, sodium and chloride was considerably in  
excess of the intake o f sodium and chloride only during the period 
of high urine output immediately fo llow ing  the c essa tio n  o f  
s a lic y la te  therapy. During the period  of s a l ic y la te  adm inistration, 
on the other hand, the ihtake of sodium and chloride was constantly  
greater than the urinary output. The in d ica tion s are therefore o f 
a probable bu ild  up o f th e volume o f  ex tr a ce llu la r  f lu id  during 
the course o f treatm ent, follow ed on cessa tio n  of s a l ic y la te  adm inistrati 
by a sudden and d r a s tic  return to a more normal volume by excretion  
of the excess e x tr a ce llu la r  f lu id .
+/oo • lo o
Cln /ra
The d ifferen ce  between d ietary  intake and urinary out put of 
potassium, sodium and chloride in  a case o f rheumatic fever  
treated  with sodium sa lic y la te *
potassium  
"balance" 
(m*E*qc )
chloride
"balance"
(m*E*q)
sodium
"balance"
In tr a c e llu la r  water* The v a r ia tio n  in  the potassium intake le s s  
potassium output figu res,an d  thus o f  in tr a c e llu la r  water, ©f the 
same p atien t i s  a ls o  represented in  Fig. I I I .  The r e su lts  in d ica te  
th a t a f te r  an i n i t i a l  period ©f 10-20 days during which potassium  
output i s  greater than in take, a normal balance i s  restored . I t  i s  
probable, th erefore , that in  the case of in tr a c e llu la r  water there  
i s  an i n i t i a l  drop in  volume during th e period of s a l ic y la te  
adm inistration , and th erea fter  l i t t l e  change.
I t  w i l l  be seen from the foregoing data th at the rem ission o f  
rheumatic fever  under treatm ent by sodium s a lic y la te  forms a w ell 
ordered pattern .
Within f iv e  days o f the beginning o f treatment a t an e f fe c t iv e  
plasma con een tration ,fever, tachycardia, jo in t  pain and sw ellin g  
are completely re liev e d . Meanwhile, the "Special s a l ic y la te  syndrome" 
may make some appearance with s l ig h t  outward sign s of increased  
depth o f  breathing,slow ing of pulse ra te , reddening and increased  
heat lo s s  a t the skin surface, nausea, vom iting, ringing in  the ea rs , 
deafness and drow siness. Where the plasma s a lic y la te  concentration  
remains w ithin the safe therapeutic range of J0-40 mg. $ th ese  
sig n s e ith er  remain s l ig h t  or tend to  subside and disappear, but i f  
the plasma s a l ic y la te  concentration continues to  r is e  u n t i l  i t  
reaches 60-70 mg. $ the syndrome becomes w ell d efin ed , and s a lic y la te  
poisening may be severe enough to  n e c ess ita te  temporary cessa tio n  of 
therapy. Thus although the r e l i e f  of symptoms of rheumatic fever
may be more speedy at t h is  higher s a lic y la te  concentration i t  i s  
certa in  th at the JO-hO mg* $ concentration i s  much more commendable 
even i f  s l ig h t ly  slower in  action*
The study ©f the acid -b ase changes in  plasma show th at not 
©nly the r e l i e f  o f  symptoms, but a lso  the depth of breathing i s  
d ir e c t ly  proportional to the plasma s a lic y la te  concentration . This 
had previously  been noted c l in ic a l ly ,  but these r e su lts  show th at the 
s lig h t  alkalaem ia always present in  rheumatic fever  p a tien ts  i s  
increased in  d irect proportion to  the plasma s a lic y la te  concentration*  
Since deep breathing causes excessive  lo s s  o f carbon d iox id e , and 
compensation by renal excretion  o f sodium i s  not complete, the r a tio  
©f H^ CO^  : Na HCO^  in creases and plasma pH r is e s .  Thus what had 
been an in tere stin g  c l in ic a l  observation becomes an important poin ter  
as to the mode of action  o f s a lic y la te  in  rheumatic fev er . I t  i s  
therefore p ossib le  th at in  th is  resp ect the plasma s a lic y la te  
concentration o f  30-40 mg. $ i s  important in  causing a degree o f  
a lk a lo s is  great enough to  speed the rem ission o f the rheumatic process, 
but not enough to stim ulate dangerous sid e reaction s.
Considered together with the study o f  acid-base c h a ise s , the 
protein  and water balance stu d ies show th a t the princip a l pharmacological 
actions of the drug are the stim u lation  o f protein  breakdown and the 
aggravation of resp iratory  a lk a lo s is . The increased excretion  ©f 
nitrogenous product in  the urine induced almost from the f i r s t  day 
©f s a lic y la te  therapy, a f fe c ts  f i r s t  the in tr a c e llu la r  water, as 
shown by the excessive  excretion  o f potassium, then the e x tra ce llu la r  
water as shown by the high sodium and p a r a lle l chloride excretion .
2 6 .
I t  i s  probable th erefore th at the in i t i a l  protein  breakdown oocurs 
w ithin the c e l l ,  with subsequent s h i f t  of f lu id  p artly  as a r e su lt  
of the i n i t i a l  actionbn in tr a c e llu la r  p rote in  , and p artly  as a 
r e su lt  of the appearance ©f s im ila r  p rote in  breakdown a ffe c t in g  
the e x tr a ce llu la r  p ro te in . F in a lly , when the s a lic y la te  therapy i s  
stopped, the excess f lu id  is  removed in  the course ©f a few days 
during which th e urinary output i s  much grea ter  than f lu id  intake.
Strong evidence in  favour o f  th e  use of the erythrocyte sedim entation  
rate  as an index ©f the cure of rheumatic fever  is  g iven  by the fa c t  
th at although in  the i n i t i a l  stages of removal ©f in tr a c e llu la r  water 
the inflammation in  the jo in ts  is  tem porarily re liev ed  and the 
p atien t i s  su b jec tiv e ly  much encouraged, i t  i s  only when the excess  
sodium and ch loride in  the e x tra ce llu la r  f lu id  are being excreted  
th at the E.S.R. begins to  f a l l .  Although the s a lic y la te  concentration  
i s  maintained a t the JO-kO mg. $ value throughout the course of 
the observations, i t  i s  only when a more fundamental change occurs 
that the E.S.R. in d ica tes  th at the d isease  process i s  regressin g .
The f in a l  va lues for  the erythrocyte sedim entation rate o ffer  
fa ir ly  conclusive evidence th a t the e f fe c t  o f sodium s a l ic y la te  on 
the E.S.R. in  vivo i s  not ascribable so le ly  to d irect a c tio n . I f  
th is  were so , the E.S.R. might reasonably be expected to  r is e  again 
as the plasma s a lic y la te  concentration fa l l s ,b u t  these determ inations 
show that th is  r ise  does not occur, so th at the sedim entation rate  
may indeed be taken as a measure of the c l in ic a l  condition  of a
27.
p a tien t su ffer in g  from rheumatic fe v er , Lichty and Hooker 
had observed seme r is e  in  the E.S.R, ©n withdrawal ©f sodium s a l ic y la t e ,  
but i t  i s  probable th at the f a l l  was ascribab le  to  too ea r ly  
withdrawal of sodium s a lic y la te  and r e su lt in g  return o f  symptoms ©f 
rheumatic fever  rather than to the ending o f d ir e c t a ction  by 
s a lic y la te  in  the blood.
Thus the action  ©f sodium s a l ic y la te  in  rheumatic fever  may be 
a two stage process. F ir s t ly ,  increased protein  katabolism and the 
associa ted  s h i f t  of potassium lead to  the tran sfer  of water from 
the a ffec ted  sw ollen jo in ts  to  the e x tr a c e llu la r  f lu id . In the second 
stage the excess water and retained sodium is  excreted , and so 
e x tr a ce llu la r  and in tr a c e llu la r  f lu id  balance restored to  normal.
During the decrease in  volume o f in tr a c e llu la r  f lu id ,  however,
there i s  a r is e  in  plasma pH and a f a l l  in  plasma CO^  con ten t,
in d ica tin g  a resp ira tory  a lk a lo s is . I t  i s  as yet uncertain  whether
the protein  breakdown or th e  respiratory a lk a lo sis  i s  the primary
(17)a c tio n , but i t  has been suggested 4 th at the action  of s a lic y la te  
in  ca ts  i s  to  stim ulate the vagal nerve endings thus indicating a 
resp iratory a lk a lo s is  as the primary e f f e c t .  I t  i s ,  however, probable 
th at fu rther experiments w il l  be necessary before the i n i t i a l  action  
can be d e f in ite ly  determined.
These data together in d icate  th a t th e cure o f an attack  o f  
rheumatic fever  by sodium s a lic y la te  and the s e l f  cure by spontaneous 
rem ission may follow  an id e n tic a l route. I t  i s  natu ra lly  d i f f ic u l t  to
obtain f u l l  data concerning a natural rem ission , but i t  i s  n oticeab le  
th at alkalaem ia i s  already present in  p a tien ts  su ffer in g  from 
rheumatic fev er , and plasma volume i s  already high. On treatment 
with sodium s a l ic y la t e ,  the plasma pH and plasma volume do not at 
once begin  to  return to  normal. On the contrary, the aberration  
i s  f i r s t  in te n s if ie d , then when the process i s  com plete, normal 
conditions p rev a il. Sodium s a lic y la te  would therefore seem to  
act in  rheumatic fever  by speeding up and in ten sify in g  the natural 
course o f  the d ise a se .
Thus sodium s a lic y la te  has the advantage th at at the recommended 
therapeutic plasma concentration o f mg. $ in  the great
m ajority o f cases natural rem ission i s  accelerated , and the in i t i a l  
tra n sfer  o f in tr a c e llu la r  water to the e x tr a ce llu la r  f lu i£ ,  then  
the lo s s  o f th is  excess to ta l  body water in  increased urine output, 
i s  accomplished without the development o f dangerous s id e  e f f e c t s .  
P rotein  breakdown i s  accelerated  at a rate commensurate with the 
rate of removal o f the breakdown products. There is  further the 
valuable feature that the an tip y retic  action  o f  s a lic y la te  in  rheumatic 
fev er  i s  so c h a r a c ter is tic  as to  have been suggested on severa l 
occasions as a sp e c if ic  t e s t  fo r  the d isea se .
V ariation in  plasma concentration in  p a tien ts  resu ltin g  from 
the same dosage o f sodium s a lic y la te  i s  however, great enough to  lim it  
somewhat the use of the drug in  treatment of rheumatic fev er . While
the symptoms o f the "sp ecia l s a l ic y la te  syndrome" g ive s u f f ic ie n t  
warning ©f any unduly high plasma concentration , t  o obviate the 
p o s s ib i l i t y  o f f a t a l i t i e s  due to s a l ic y la te  adm inistration , these  
symptoms them selves can cause the p atien t considerable discom fort, 
and may n ecess ita te  at le a s t  temporary withdrawal of the drag before  
rem ission o f the d isease i s  complete. When frequent plasma or 
urinary s a lic y la te  concentration determ inations are carried  out, the 
p ro b a b ility  o f avoiding the development of m ild ly to x ic  symptoms 
i s  greater, but u n less  these analyses are made a t le a s t  d a ily  i t  
i s  very doubtful i f  the e f fe c t iv e  30~40 plasma concentration,
as opposed to  the more troublesome 60-70 mg.$ plasma concentration , 
could be ensured in  every case. Only by frequent v a r ia tio n s  o f  
the dosage in  accordance with the determ inations made can caaplete  
con tro l of the plasma s a lic y la te  concentration be e ffe c te d . Thus 
although sodium s a l ic y la te  i s  th erap eu tica lly  a c t iv e , i t  i s  not an 
id e a l drug,so th a t an a ltern a tiv e  medicinal would undoubtedly be 
most welcome.
Experimental.
Plasma and urinary s a l ic y la te .  The method o f estim ation  ©f Reid^^
was follow ed. A specimen o f plasma or urine (O.^m l.) was added to
pH2 buffer (l4 .j?m l.) and extracted  with arayl a lcohol (^Oml.) The
amyl alcohol phase (20m l.) was extracted  with pH 8 .6  bu ffer  (30 m l.) ,
the layers again separated by use o f the cen trifuge,and  the amount
o f s a lic y la te  in  the aqueous layer  (20m l.) determined oo lo r im etr ica lly
(18 )by the reaction  o f  Jorissen  as described by Sherman •
Erythrocyte Sedimentation Rate. The degree o f s e t t l in g  o f the
( 1$)
erythrocytes o f  whole blood in  a Westergren tube was measured 
a fte r  one and two hours.
Plasma pH. A Cambridge potentiom eter with calomel and g la ss  
e lec tro d es was used for  a l l  pH determ inations. Blood samples were 
c o lle c te d  and kept under p araffin  to  prevent lo s s  of COg.
Plasma CCU content. The to ta l COg availab le  in  the blood was
i . ( 20 )
measured manome tr ie  a l ly  by thqkethod o f  Van Slyke and N e il l  •
A specimen o f  whole blood (1 ml".) was a c id if ie d  with la c t ic  ac id , and 
the pressure o f COg and Og released  measured a t constant volume.
The COg was then absorbed by sodium hydroxide, and the pressure again  
measured. The d ifferen ce  gave a sa tis fa c to r y  measure of the COg 
content of the blood under in v e s tig a tio n .
( 12)Total plasma volume. The dye d ilu tio n  method of Gregersen was 
used to  estim ate the to t a l  plasma volume. An aqueous so lu tio n  o f  
the dye T 1824 (15 mg. in  l.j? m l.) was in jec ted  intravenously, and 
four or f iv e  blood samples taken at 1  ^ min. in te r v a ls . The 
concentration o f  dye in  each specimen was estim ated with a Beckman 
spectrophotometer, standards being provided from a blood sample taken 
immediately before in je c t io n  o f the dye, with known amounts o f dye 
added.
Urinary nitrogen* The estim ation  was made by the method ©f 
( 21)Kjeldahl • The specimen was d igested  with concentrated sulphuric  
acid  then rendered a lk a lin e  with sodium hydroxide so lu tio n , the 
ammonia b o iled  o f f ,  re-absorbed in  sodium hydroxide so lu tio n  and the 
excess sodium hydroxide t it r a te d  with hydrochloric a c id , using  
bromo-phenol blue as in d ica to r .
Plasma protein  and non-protein n itrogen . A specimen o f plasma was
(22 2-0treated  with tr ic h lo r o a c e tic  acid as described by Greenwald *  ^ in  
order to  p rec ip ita te  out the p rotein . The nitrogen present in  
the f i l t r a t e  and p rec ip ita te  was then sep arately  determined by the 
same method employed in  urinary nitrogen determ inations.
Urinary Sodium. Rather su rp r isin g ly , a most sa tis fa c to r y  method o f  
estim ation  of sodium was developed from the m odification  of the
t itr im e tr ic  determ ination of sodium in  a pyroantimonate p rec ip ita te
(24)described by B alin t • An ou tlin e  o f  the procedure used i s  as
fo llow s: A specimen of urine ( l  m l.) was ashed, the residue
d isso lv ed  in  water, and an aqueous so lu tio n  o f potassium pyroantimonate
(3  ml. o f 2$ )  added. On introduction  o f eth y l alcohol (1*3 ml. of $5%)
a p rec ip ita te  s e t t le d  out, was washed severa l tim es with eth y l
a lcohol (3 ml. of 30%) and f in a lly  d isso lved  in  hydrochloric acid
(3 ml. of 3 N). Potassium iodide so lu tio n  was added, and the excess
iodine t itr a te d  with sodium th iosu lphate so lu tio n  in  presence o f starch .
The c h ie f  disadvantage of the method l i e s  in  the reagent i t s e l f .  
(25)Roscoe and Schorlemiaer have shown th at there is  considerable
doubt as to  the degree o f separation o f  pyro-and met-antimonates
so fa r  achieved, so th a t the "purity” ©f the reagent i s  rather
arb itra ry . However, Kramer and Gittlemann have suggested th at
i f  the potassium pyroantimonate forms a p er fec tly  c lea r  aqueous 
(2$)so lu tio n  and i s  not p recip ita ted  out by the add ition  of eth y l 
alcohol (one f i f t h  the volume o f 95f )  a fa ir ly  good r e s u lt  w il l  
be obtained. I t  has now been found th at the pH o f the so lu tio n  
i s  a lso  important. Potassium hydroxide so lu tio n  should be added 
when necessary to adjust the pH of the so lu tio n  to  9*00* The 
most practicab le  check on the purity o f the reagent i s ,  however, 
given by an i n i t i a l  s e r ie s  of determ inations w ith each batch o f  
reagent prepared. Nine tubes containing an aqueous sodium chloride  
so lu tio n  o f known strength  ( l  ml. of approximately 143 m. E/L.) are 
treated  with the reagent (3 m l.to  each) followed by varying  
q u a n tit ies  of eth y l a lcohol ( 0 .3  ml. to  2 .3  ml. o f 9^ ) *  * f  the 
$ sodium determined i s  graphed against the volume o f a lcohol added, 
and a reasonably low gradient i s  found where the curve crosses the 
100$ l in e ,  the reagent may be accepted for  u se. A fter further  
t e s t s  with d ifferen t concentrations o f sodium v erify in g  the quantity  
of a lcohol required, th is  p articu lar  volume i s  used in  every estim ation  
made w ith the batch o f pyroantimonate reagent in  question .
I t  i s  most su rprisin g , th ere fo re , that so arb itrary a method 
should prove 60 sa tis fa c to r y  in  p ra c tise . In the course o f the 
estim ations carried  out with adherence to the above p r in c ip les  and
a tten tio n  to  d e t a i l ,  the accuracy ©f the method was w ith in  0 .5 $ .
This was a higher degree of accuracy than was c o n s is te n tly  maintained
in  the gravim etric determ ination of sodium as sodium zinc uranyl
, (27)a ceta te  by Butler and T u th ill  s m odification  o f the method ©f
(28)Barber and K olthoff , or as sodium magnesium uranyl aceta te  by
( 2 9 )the method o f  Caley y and had the advantage of being considerably  
quicker and more convenient when a large number of determ inations 
were required.
Urinary potassium. The standard gravim etric method of estim ation
©f potassium in  urine recommended by Peters and Van S ly k e ^ ^  r e l i e s  
on unpublished work by Mackay and B utler and in volves d ep rote in isin g  
urine ( 120ml,), d ig estin g  the f i l t r a t e  in  n it r ic  ac id , p rec ip ita tin g  
calcium , magnesium, sulphate and phosphate with aranonia, barium 
ch loride and ammonium carbonate, evaporating the f i l t r a t e ,  r ed isso lv in g , 
and p rec ip ita tin g  the potassium with ch lo ro p la tin ic  ac id . I t  was 
found that the method as described was not e n t ir e ly  sa tis fa c to ry  in  
removing f in a l  tra ces  o f  barium,calcium and iron , so  that standard 
t e s t  so lu tio n s , prepared by adding known q u an tities  o f potassium  
ch loride to  urine samples,tended to y ie ld  high r e s u lt s .  Accordingly, 
the follow ing m odification  was devised : The urine specimen (10 m l,)
was d igested  with concentrated hydrochloric acid (30 m l.) , evaporated 
to  dryness, and the residue d isso lved  in water (^Oml,). Aqueous 
barium chloride so lu tio n  (A ml, o f 10 f )  was added, and the mixture 
heated almost to  b o ilin g  and trea ted  with concentrated ammonia (4 m l.)
and aqueous ammonium carbonate (4 ml, of 20$), The f i l t r a t e
was evaporated to dryness, then heated in  a m uffle furnace to  600QC,
The residue was red isso lved  in  water and concentrated ammonia (0 ,5  m l,)t
aqueous ammonium carbonate so lu tio n  ( 0 .5  ml, o f 20$) and saturated
aqueous ammonium exalate  so lu tio n  (0 .5  m l,) added. On evaporating
the f i l t r a t e  and again heating to  600°C. in  the furnace, a white
residue su ita b le  for potassium p rec ip ita tio n  as potassium chloroplatinabe
was obtained. Aqueous ch lorop la tin ic  acid so lu tio n  (3 ml, contain ing
10$ platinum) was added, and the mixture ca re fu lly  evaporated to
dryness on the water bath. The residue was then w ell washed with
eth y l a lcoh o l (95 $) dried ca refu lly  at 100° , and weighed as lyPtCl^.
Over an unusually wide range of urinary potassium concentrations,
from 15 to  90 m.E./L, the error in  the method as shown by add ition
standards and d up licates was not greater than 1 $.
Urinary ch lorid e . Since i t  i s ,  in  general, necessary to d ig e st
b io lo g ic a l f lu id s  to  remove in ter fer in g  p rote in  and ensure maximum
homogeneity ©f the specimen, i t  w i l l  be apparent that some form of 
(3 l)Volhardf s method J i s  most l ik e ly  to  be advantageous in  the
estim ation  o f  the chloride ion  concentration o f such media. In
the f i r s t  stage o f th is  method the anion i s  removed from so lu tio n
as inso lu b le  s i lv e r  ch lor id e , so thfet the d ra stic  d ig estio n  follow ing
has no harmful e f fe c t  on the accuracy of the method. Furthermore,
the t i t r a t io n  i s  carried out in  acid so lu tio n  so that the need for
carefu l n eu tra lisa tio n  i s  avoided. I t  was found that a m odification
(32)o f the procedure of Wilson and B all y may be applied equally  
read ily  to u r in e , plasma and whole blood. In i t s  o r ig in a l form the
55*
method involved the d ig e stio n  for 30 mins. on the steam bath of a
specimen o f whole blood ( l  m l.) with concentrated n it r ic  acid (3 m l.)
in  presence of aqueous s i lv e r  n itra te  so lu tio n  ( l  ml. o f 0.1^ N)
cooling  to room temperature,adding aqueous fe r r ic  alum so lu tio n
( 6ral. o f %) and t it r a t in g  the excess s i lv e r  n itra te  with ammonium 
N
thiocyanate(^Q- )•
The method a c tu a lly  employed was as fo llow s: A specimen o f
whole blood, plasma or urine ( l  m l.) was d igested  2 h rs. ©n the  
steam bath w ith aqueous s i lv e r  n itra te  so lu tio n  (2 ml. o f 0.1N) and 
concentrated n itr ic  acid  (5 m l.) , the mixture cooled in  an ice  bath, 
aqueous fe r r ic  alum so lu tio n  (3 ml. of 3 %) added, and the excess  
s i lv e r  n itra te  t it r a te d  with amnonium thiocyanate ( tJq)* In th is  
way a complete i n i t i a l  p rec ip ita tio n  o f chloride ion  was more read ily  
assured, a wider range of chloride ion  concent ra ti oriwas covered, and 
s a lic y la te  in terferen ce  was removed. This co o lin g  of the so lu tio n  
in  an ic e  bath immediately before t i t r a t io n  was found to  be not a 
refinement of dubious va lue , but a n e c ess ity  i f  a c o n s is ten tly  
sharp end-point was sought.
The same method i s  applicable to  estim ation  o f ch loride in  
fa eces , when necessary. The s to o l i s  f i r s t  s t ir re d  to  a homogenous 
suspension in  water, the volume made up to  1 L. and an a liq u ot (23 m l.) 
d igested  with n it r ic  acid (30 m l.) and aqueous s i lv e r  n itra te  so lu tio n  
(2 ml. o f  0 .1  N).
36.
Sodium 2 :6 * Dihydroxybenzoate*
I t  has been shown th at sodium s a l ic y la t e ,  w hile remarkably 
s p e c if ic  in  i t s  ac tio n  in  the treatment o f rheumatic fever , and 
w hile having the great advantage o f acting by increasing th e  rate of 
natural rem ission ©f the d isea se  rather than by introducing a 
further s e r ie s  of d isease r e l i e f  fa c to rs , i s  not a ltogeth er  su ita b le  
for  continued general u se . The d if f ic u lt y  o f achieving accurate  
control o f the plasma s a lic y la te  concentration , and the development 
of symptoms of s a lic y la te  poisoning, make i t  d i f f i c u l t  to  commend 
the drug except when carefu l c l in ic a l  and laboratory assessm ent i s  
p o ss ib le . However, the data accumulated on the pharmacological 
changes produced in  the course of s a l ic y la te  therapy, and the c l in ic a l  
observations made throughout the treatm ent, were such as to  ind icate  
both the d e s ir a b ility  and the p r a c tic a b ility  o f  introducing some 
new drug which might have the same action  as s a lic y la te  without 
inducing the troublesome signs o f sa lic y la te  poisoning. E ither  
a lowering o f the e f fe c t iv e  therapeutic concentration or a ra is in g  
of the concentration at which tox ic  symptoms appeared would achieve 
th is  aim.
Stockman in  19^0 had noted the almost complete in a c t iv ity  
o f  a and ja-hydroxy benzoic acids in  the treatment o f rheumatic fe v e r , 
in  d irec t contrast to  the s p e c if ic  action  o f sodium sa lic y la te *
I t  was probable, th erefore , th at the a c t iv ity  o f s a l ic y la te  was at 
le a s t  to  some exten t dependent on the jo-positioning o f the hydroxyl
group r e la t iv e  to the carboxyl, A drug having the same mode ©f 
a ction  as s a l ic y la te ,  but allow ing a greater sa fe ty  margin in  i t s  
u se , might thus be expected to  have the s a l ic y la te  nucleus with some 
su b stitu en t or su b stitu en ts  in  the benzene nucleus to produce the 
d esired  s l ig h t  m odification  in  a c tio n ,
(34)In 1942 Kapp and Coburn v e r if ie d  the suspected occurrence
o f  g e n tis ic  acid  ( 2 :9-dihydroxybenzoic acid) in  the urine o f p a tien ts  
under treatment with sodium s a l ic y la te .  The amount present in  
the urine was only 4-8% ©f the s a lic y la te  dose, but there remained 
the p o s s ib i l i ty  th at the f i r s t  stage in  the actio n  o f sodium 
s a l ic y la te  was i t s  conversion to g e n t is ic  ac id , in  which case i n i t i a l  
treatment with sodium g en tisa te  might induce therapeutic a c t iv ity  
in  much sm aller doses. A quantity o f g e n t is ic  acid was th erefore
(35)prepared by the oxidation  of s a l ic y l ic  acid  with potassium persulphate 
and i n i t i a l  c l in ic a l  t r ia l s  in s t itu te d , but r e su lts  were not encouraging.
I t  was quite c lea r  that with an oral dosage comparable to  th at o f  
sodium s a lic y la te  ( 10- 12g. per day) sodium g e n tisa te  was much le s s  
e ffe c t iv e  in  reducing the symptoms of rheumatic fever. Recent 
work ^7) has confirmed th is  fin d in g , as there seems to  be no doubt
th at while sodium g en tisa te  i s  le s s  to x ic  than sodium s a lic y la te  -  indeed 
the LD_  ^ fo r  ra ts  (the dose causing death in  $0% o f the te s ted  animals)
5° / 70 ^
i s  3*lg/K fo r  sodium g e n tisa te , but 0 . 88g/K fo r  sodium s a lic y la te  —
a n ti”
i t  i s  not an e ffe c t iv e /*  hheumatlc agent. I t  i s  p ossib le  th at 
both the high to le r a tio n  and the low a c t iv ity  of sodium g en tisa te  are
(59)explained by i t s  higher s o lu b i l i ty ,  but Meade and Smith "  have 
shown that a plasma concentration o f 2  ^ mg, $ i s  not unusual. In 
marked contrast to  observations on the excretion  o f sodium s a l ic y la te  
however, Mainardi and Sem enza^^ found th a t 60-80 $ sodium 
g en tisa te  was excreted unchanged w ithin 6 hrs. o f oral adm inistration .
£ -amino s a l ic y l ic  acid was shown by Lehman '^*'  ^ in  1946 to  
have a high tu b ercu lo sta tic  a c t iv i ty .  Since then many analogues have
been te s te d , but to date there is  remarkable unanimity o f opinion
( e .g .42 45 44)regarding the maximum e ffe c t iv e n e ss  o f the primary compound &
and i t  was th erefore thought that a preliminary t r ia l  o f anti-rheum atic
a c t iv ity  of th is  compound would g ive a fa ir  in d ica tio n  of whether the
amino su b stitu en t in  the s a l ic y l ic  acid  nucleus was l ik e ly  to be o f
value in  enhancing the action  o f  sodium s a l ic y la t e .  A dose o f
10- lf> g. per day ©f sodium j>-am ino-salicylate did not, however, produce
any marked rem ission o f symptoms in p atien ts su ffer in g  from rheumatic
fever so th at th is  compound too  was discarded.
I t  seemed th erefore  that some a tten tio n  might be paid to the 
physio-chem ical properties of s a l ic y l ic  acid i t s e l f .  Most str ik in g  
i s  the greatly  enhanced io n isa tio n  constant of s a l ic y l ic  acid  r e la t iv e  
to  benzoic a c id  and to  m* and hydroxybenzoic ac id s. Consideration  
of the io n isa tio n  constants o f benzoic ac id , the hydroxybenzoic ac id s , 
and the dihydroxybenzoic acids as given in  Table V shows that in  
2 :6-dihydroxybenzoic ac id  the same g rea tly  enhanced io n isa tio n  constant 
over the other dihydroxybenzoio acids has been noted. Thus in  the
hydroxy and dihydroxy benzoic acids in  which there is  no su b stitu tio n  
to  the carboxyl group, the io n isa tio n  constants are o f the same 
order o f magnitude as th at o f  benzoic acid* Indeed, su b stitu tio n  
of a hydroxyl group in  th e 4 -p o sit io n  actu a lly  decreases the degree 
o f io n isa tio n  somewhat# Again, in  the acids in  which there i s  a 
hydroxyl group in  the jo p o s itio n  to the carboxyl group, the io n isa tio n  
constants are o f the same magnitude -  about 20 tim es grea ter  than 
those o f the f i r s t  group, -  but that o f 2:4- dihydroxybenzoic acid  
i s  lower than that o f s a l ic y l ic  ac id . With 2:6-dihydroxybenzoic 
ac id , however, the io n isa tio n  constant i s  almost j?0 tim es that o f  
s a l ic y l ic  acid and 800 tim es that of benzoic acid .
Table V.
(45)Io n isa tio n  constants of Benzoic acid  and o f Hydroxybenzoic acids y
r . .............................. .. ..................  ................... .......... .........................'
! Acid Ion isa tio n  Constant (K ) !c
| Benzoic acid 0.006
S©-Hydroxybenzoic acid  ( s a l ic y l ic  acid) 0.102
ja-Hydroxybenzoic acid 0.008
j pr-Hydroxybenzoic acid 0.003
j 2 :3-dihydroxybenzoic acid 0.114
| 2 :4-dihydroxybenzoic acid Q3-resorcyli<s acid) 0.052
j 2 :3-dihydroxybenzoic acid (g e n t is ic  acid) 0.108
I2 : 6-dihydroxybenzoic acid ( ^ resorcy lic  acid) 5 .0
j3 i4-dihydroxybenzoic acid (p rotocatech in ic  acid) 0.003
13!j?-dihydroxybenzoic acid  (*-resorcylic acid)
L
0.003
The g rea tly  enhanced a c id ity  o f the s a l ic y l ic  acid  
d er iv a tiv es  over the other hydroxy benzoic acids was a ttrib u ted  by
(45)Baker '  to  hydrogen bond form ation between the ^-hydroxyl groups 
and the oxygen atoms ©f the oarboxylic group. In th is  way the 
anion i s  s ta b il i s e d , and the return o f the proton hindered, so th at  
the degree o f io n isa tio n  i s  increased. In 2:6-dihydroxybenzoic acid  
there is  even greater opportunity for ch ela tion  and the strong  
formal ressemblance of the ion ised  carboxyl group to  the n itro  group 
prompted Baker to suggest from analogy with previous work on 
2-n itro reso rc in o l , that the carboxyl group might even ch elate  to  
both hydroxyl groups sim ultaneously. Whether t h i s  is  ac tu a lly  the 
case or whether the increased ch e la tio n  o f the compound i s  due to  
the increased p robab ility  th at any given molecule at any given time 
w il l  contain a s in g le  chelate  lin k  i s  not yet determined, in  sp ite  o f  
the accumulation o f much in d irec t ph ysical evidence^®*?*, ^  ^
as a working hypothesis, the concept of ch e la tion  is  most u sefu l 
in  the hydroxy carboxylic acid  f ie ld  as in  so many ethers*
With 2 :6- dihydroxybenzoic acid thus in  an analogous p o s it io n  
w ith regard to s a l ic y l ic  acid as s a l ic y l ic  acid  with regard to  benzoic 
a c id , i t  was thought th at a c l in ic a l  t r ia l  o f i t s  e f fe c t  on treatment 
o f p a tien ts  su ffer in g  from rheumatic fever would be o f in terest*
( 51)A quantity was th erefore prepared by the method of Limaye and Kelkar y 
Resorcinol was condensed with a cetoacetic  e s te r  in  presence of ortho- 
phosphoric acid to  give 4-m ethyl-7-hydroxycoumarin which was 
acety lated  and subjected to rearrangement by treatment w ith anhydrous 
aluminium ch lorid e . The 4-m ethyl-7-hydroxy-8-acetylcoum arin obtained
41.
by fra c tio n a l c r y s ta l l is a t io n  of the product was trea ted  with  
sodium aceta te  and a c e tic  anhydride, when 2-m eth yl-3-acety l-^ -hydroxy- 
chromone was formed, which wqs hydrolysed by N sodium hydroxide 
so lu tio n  to g ive  2:6-dihydroxybenzoic acid . The y ie ld  obtained  
was as claimed by Limaye.
I t  i s  in ter e st in g  to  note in  th is  connection that although 
there i s  no record o f any previous account, of a t r ia l  o f 2: 6- dihydroxy­
benzoic acid as a therapeutic agent, an in v e stig a tio n  by Clewer, Green 
(52)and Tutin  ^ o f the tubers of the Indian l i l y  G loriosa superba 
had revealed th at the p rin cip a l a lk a li-so lu b le  co n stitu en t was
2-hydroxy-6-methoxybenzoic ac id , and not, as had been previously
( 5 5 )
thought , s a l ic y l ic  a c id . The dried, powdered tuber ©f the l i l y  
was a tra d itio n a l Indian treatment for the pain o f ch ild b ir th , and was 
in  fa c t  used in  most treatment in  which a general analgesic  a ction  
was desired*
Meanwhile, a second great step  had been taken in  the progress of 
rheumatic fever therapy. Just as the discovery o f the s p e c if ic  and
c h a ra cter is tic  ac tio n  o f sodium s a lic y la te  in  rheumatic conditions
(4) (5)by Buss and MacLagan had marked the f i r s t  great development since
the introduction of willow and birch bark ex tra c ts , so the discovery
®f the high degree ©f a c t iv ity  o f cortisone by Hench and h is  a sso c ia te s
revealed  e n tire ly  new p o s s ib i l i t ie s  o f methods ©f a ction  of anti-rheum atic
drugs and of common modes of action  by what appeared at f i r s t  s ig h t
la rg e ly  divergent types of drugs.
42.
Even in  these i n i t i a l  papers, however, there were in d ic a tiio n s  
th a t although cortison e was a most a c tiv e  and u se fu l drug i t  would not 
be a com pletely sa tis fa c to r y  therapeutic agent. Thus although  
in  p a tien ts  su ffer in g  from rheumatic conditions treatment with 100 mg. 
per day o f 17-hydroxy-J.l-dehydrocorticosterone (compound E, or co rtison e)  
r e liev ed  symptoms in  0^-90 $ o f the cases, and o ccasion a lly  even 
promoted prolonged rem ission of the d isea se , so  th at symptoms did not 
return immediately on cessa tio n  o f treatm ent, d isturb ing side e f f e c t s  
were observed. The e f fe c t s  which were recorded included rounding 
©f the fa c ia l  contours, h irsutism , acne, formation o f a pad ©f fa t  
across the upper sp ine, excretion  o f glucose in  the urine and 
dim inished a b ility  to  m etabolise g lu cose, sodium reten tio n  leading to  
sw ellin g  o f the t is s u e s  by excess water, alkalaem ia^increased blood  
pressure, and p erson ality  change, and were s u f f ic ie n t ly  c h a r a c ter is tic  
©f the symptoms o f Cushing’ s d isease  ^ -  a d isease  of the p itu ita ry
gland -  to  be designated a mild Cushing’s syndrome. The e f fe c t s  
are u su a lly  m ild, and not always a l l  present in  any one p a tien t, 
but they do represent the in troduction  of a syndrome not n ecessa r ily  
d ir e c t ly  connected with the r e l i e f  o f  the d isea se , and therefore a 
com plication not s t r i c t ly  desirab le in  a therapeutic agent. The 
b io lo g ic a l changes observed in  the course of treatment with cortison e  
and A.C.T.H. may be summarised as an in i t i a l  reten tion  and la te r  
lib er a tio n  of sodium chloride and body water, reduction o f  plasma 
potassium, and urinary output of nitrogenous m aterial greater than 
nitrogen intake.
*5.
on s h if t s
This la t t e r  s e r ie s  o f o b serva tion s/in  body water and e f f e c t  
on nitrogen balance induced by cortison e therapy bore a s u f f ic ie n t ly  
c lo se  resemblance to the observations already made on the b io lo g ic a l  
r e su lts  of s a l ic y la te  therapy to render i t  most natural th at c lo se  
watch should be maintained fo r  any further sign s of analogy between 
cortisone and s a lic y la te  adm inistration. In the course o f th is  
s e r ie s  of observations o f p a tien ts  under treatment with a sp ir in , 
i t  was found that the rounding o f fa c ia l  contours, acne and 
depression o f mental s ta te  co n stitu tin g  the outward symptoms o f a 
mild Cushing’ s syndrome were v is ib le  in  one p a tien t. Determination  
o f a b il i ty  tb m etabolise g lucose and haemoglobin count confirmed th at  
a mild Cushing’ s syndrome had developed. F ig. IV emphasises the 
normality of the other b io lo g ica l r e su lts  obtained. The in i t i a l  
reten tio n , follow ed by la te r  lib e r a tio n , of ch loride and body water 
and the high urinary nitrogen values are c le a r ly  shown ju s t  as already  
described (C h.I) for s a lic y la te  therapy, and as found by Hench in  
cortisone therapy.
This observation, published by Cochran, Watson and Reid (B r it .  
M ed.J., 19^0, 2. , 1411) was most important in  providing further  
evidence in  support of a common mode of action  by cortison e, A.C.T.H. 
and s a lic y la te . I t  appears th a t to some extent at le a s t  the method 
o f a c tio n , or the body defence mechanism induced to  a c t , i s  id e n t ic a l  
for the cortisone group o f drugs and tife s a lic y la te  group. The 
m ildness o f the Cushing’ s syndrome, and the a c t iv i ty  o f the"special 
s a lic y la te  syndrome" which w il l  frequently be present sim ultaneously, 
make i t  not unnatural th at the former should not previously  have been
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noted, but when a tten tio n  was drawn, ths evidence was there for  
co rr e la tio n . The observation has s in ce  been confirmed in  severa l 
private communications.
There i s  no doubt at a l l  from the work o f  Henoh th at in  
cortison e  a therapeutic agent for  th e  treatment of rheumatic conditions  
a ctiv e  in  much lower concentrations than s a lic y la te  has been d iscovered. 
I t  i s  probable, however, that the d ifferen ce  between e f fe c t iv e  
therapeutic plasma concentrations and concentration resu ltin g  in  the 
appearance o f mild to x ic  symptoms i s  not appreciably greater  than 
for  s a l ic y la te  i t s e l f .  But the g rea test disadvantage to the use 
and development o f cortison e therapy i s  the sca rc ity  and cost o f  the 
drug. Cortisone was o r ig in a lly  obtained by the ex tra ctio n  o f  
c a t t le  or hog adrenals, b u t,q u ite  apart from the low y ie ld  and the 
laboriousness o f the process, i t  is  very doubtful i f  sup p lies from 
th is  source could ever be adequate. Rheumatic fever and a l l ie d  
disorders are too widespread and frequent in  occurrence for such an 
e s s e n t ia lly  lim ited  source o f medicament to be a t a l l  sa t is fa c to r y .  
N aturally a great deal o f work is  being carried  out regarding i t s  
p o ssib le  complete synthesis from read ily  obtainable m ateria ls, but 
to  date the main source remains i t s  p a r tia l syn th esis  from other 
naturally  occurring s te r o id s , and the cost remains high. The 
introduction o f a drug with something in  common with both s a lic y la te  
and co rtison e, but with the disadvantages of n eith er , would therefore  
seem most d esira b le . I t  i s  possib le that the action  o f both is  
s im ila r , and i t  might be reasonable to  expect that a drug possessing
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the therapeutic a c t iv i t y ,  but not causing the to x ic  symptoms o f  e ith e r ,  
might e x is t .
Preliminary t r ia l s  of sodium 2:6-dihydroxybenzoate had shown 
great promise, so th a t a more d e ta iled  in v e s tig a tio n  was undertaken, 
somewhat analogous to  the in v e s tig a tio n  c lea r ly  completed with 
r e la t io n  to sodium s a l ic y la te .
Since the work with sodium s a l ic y la te  had shown a c lo se  p a r a lle l  
between the concentration  of the drag in  plasma, and the concentration  
in  the urine, for  greater  convenience urinary determ inations only 
were made o f sodium 2:6-dihydroxybenzoate. A co lorim etric  method 
depending on measurement o f the blue colour developed by the drug 
in  presence of aqueous fe r r ic  chloride was found qu ite sa t is fa c to r y ,  
as judged from the va lu es obtained for  standards prepared by adding 
known q u a n tities  o f sodium 2 :6-dihydroxybenzoate to  urine samples.
Nitrogen and ch loride "balance" was determined as before by 
estim ation  o f the nitrogen and chloride content o f the urine and 
comparison with the known intake maintained with the p a tien ts  ©n a 
balanced d ie t  throughout th e course o f the in v e s tig a tio n . Urinary 
n itrogen  excretion  greater than d ietary  intake ind icated  protein  
breakdown, s im ila r ly  a negative ch loride "balance" suggested a decrease 
in  e x tra ce llu la r  water. Total body water was followed by comparison 
of urine volume excreted and of to ta l  body weight with the f lu id  
in tak e. A decrease in  weight coupled with urinary excretion  
greater than f lu id  intake ind icated  a drop in  to ta l body water.
Since the drug was being used for the f i r s t  tim e, some 
in v e s t ig a tio n  was f i r s t  made of i t s  e f f e c t s  ©n healthy a d u lts . A 
dose o f 200 mg. sodium 2:6-dihydroxybenzoate was given o r a lly  t® 
each o f e ig h t healthy adult males having the same balanced d ie t  
and f lu id  intake, and the urine c o lle c te d  fo r  24 hours. There were 
no v is ib le  ob jective  or sub jective  reaction s to  th is  dose. The 
excretion  in  the urine i s  shown in  Table VI. Considerable q u a n tities  
appeared in  the urine in  the f i r s t  two hours a fte r  the dose, and 
the average peak excretion  was reached w ith in  the second two hour period. 
T hereafter the rate o f ex cretio n  s te a d ily  f e l l  u n t il  a t 24 hours only 
small q u a n tit ie s  were present. The average amount excreted  in  
24 hours was about 67 $ o f  the dose g iven . The in d ica tio n s are 
therefore that sodium 2:6-dihydroxybenzoate i s  rapidly absorbed, and 
that the peak blood le v e ls  are probably reached w ithin two to  four 
hours o f ora l adm inistration .
A s in g le  dose of 200 mg. did not therefore appear to  have 
any harmful e f f e c t s .  Since the drug was not previously known, and 
the most e f fe c t iv e  dosage indeterm inate, the amount administered  
©rally d a ily  varied  considerably more than in  the in v e stig a tio n  with 
sodium s a l ic y la te .  Thus s ix  p atien ts received  amounts varying from 
1 .8g . in  three days to  lOg. in  ten days, an average o f 0 .8 g . per day.
This was not a considerable v a r ia tio n , so  th at the s ix  p a tien ts  oould 
be treated  as a group receiving a dosage o f sodium 2:6-dihydroxybenzoate 
equal to  about one tenth  the usual therapeutic dose o f sodium s a l ic y la te .
Table VI.
Urinary excretion  o f sodium 2 :6-dihydroxybenzoate by healthy m ales.
! Urinary excretion o f 2: 6-dihydroxybenzoate (mg.) at in te r v a ls .
a fter  200 mg. by mouth. Total
Case 0-2 hrs. 2-4 hrs • 4-6  hrs. | 6- I 3 hrs. | 13-24 hrs.
L .
24 hrs.
1 19 59
[ ! 
! 27 43 14 133
2 23 4 6 l 36 41 13 139
3 i 33 60 i 43 36 18 190
\ 4 13 18 1 24 34 0 89
i I 22 41 I 37 54 8 162
1 6 25 33 ! 3 i - - -
7 18 34 ! 27 10 10 99
8 20 19 | 24 |
1 |
52 10 103
Range 15-33
1
18-60 j 24-43 10-34 0-18 89-190
Average 1
. *.
21 33
) 1 ! 
|  31 j 36 10 134
Table VII.
E ffec t o f sodium s a lic y la te  and sodium 2 :6-dihydroxybenzoate on the E.S.R.
■ ■ s .....................
jSodium s a lic y la te  l.S .R ,(m m ./h r .) 
| group.
Sodium 2 :6-dihydroxybenzoate 
(E .S.R . min./hr) group.
|Immediately ( Peak Value Value Immediatlely Peak Value
| before during a fte r before value a fte r
Case >|s a l ic y la te
. ii1i
f i r s t  week 24-31
days
2:6-dihydroxy­
benzoate
during! 
f i r s t  | 
week |
- -f
23-32 
days.
?
1 | 123 117 31 111 117 ! 34
2 ! 118 104 33 91 123 38
3 i l l 119 8 92 92 1 34
4 ! 107 121 40 90 110 | 34
3  ' 1 0 3 100 46 83 91 ! -
6 j 81 117 66 74 34
7 ! 60 108 71 71 106 11
Average j101 112 43 88 102... — i,
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For comparison purposes the seventh patien t was given a dcee ©f 
7g. per day* an amount about equal to  the usual dose o f sodium 
sa liq y la te . The d a ily  dose in  each case was d ivided in to  f iv e  equal 
portions and given  a t four hourly in te r v a ls , s ta r t i i^  a t 8 a.m.
E .S.R . and c l in ic a l  condition: The most s tr ik in g  featu re a fte r
adm inistration of sodium 2:6-dihydroxybenzoate was the promptness o f  
r e l i e f  o f symptoms. Within a few hours three of the p a tien ts  were 
able t o  move acu tely  a ffec ted  jo in ts  which had been p r a c tic a lly  
immobile. In the other four p a tien ts  the same stage  was reached in  
two to three days. The changes in  the E.^.R. are shown on Table VIII 
w ith th e corresponding figu res for a group o f p a tien ts  treated  with  
-  10g. sodium s a lic y la te  given alongside for  comparison purposes.
I t  w il l  be seen th at the drugs a f fe c t  the E.S.R. to  about the same 
exten t and a t  about the same rate regardless o f  the much lower dosage 
of sodium 2:6-dihydroxybenzoate. In some p atien ts however, symptoms 
o f the "sp ecia l s a l ic y la te  syndrome" made an appearance, and disappeared 
only when adm inistration o f the drug was stopped. In two p atien ts  
a fa ir ly  w ell ch aracterised  Cushing’ s syndrome developed, and was 
confirmed by v e r if ic a t io n  of the low a b il ity  o f the p a tien t to  
m etabolise g lucose.
Urinary excretion  o f sodium 2 :6-dihydroxybenzoate; The amounts o f  
drug excreted in  the urine was estim ated d a ily  for  three of the seven  
p a tie n ts , and the resu lts  summarised in  Table V III. Rather 
su rp r isin g ly ,th e  amount excreted ( 63- 73$ the dose given) was w ith in  
the lim its  excreted by healthy in d iv id u a ls .
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Nitrogen ’’balance": The r e s u lt s  for a ty p ic a l p a tien t in  the group
receiv ing the sm aller dose, and for  the p a tien t rece iv in g  the larger  
dose are shown in  F ig . V. The find ings were the same in  a l l  ca ses ,
d if fe r in g  only in  degree. During the period of drug adm inistration
a negative nitrogen balance, in d ica tirg  p rote in  breakdown, was 
induced. On c e ssa tio n  of therapy a nom al balance was again esta b lish ed . 
Total body w ater: The r e su lts  are a lso  summarised in  Fig V. I n i t ia l
reten tio n  of water during treatment with the drug i s  follow ed by a 
d iu res is  on stopping drug adm inistration.
E xtrace llu lar  water: As explained p rev iou sly , the chloride balance
u su a lly  p a r a lle ls  the sodium fig u re , and th erefore g ives a measure 
of the changes in  ex tra ce llu la r  water. As shown in  Fig V the e x tra ce llu la r  
water p a r a lle ls  the general f lu id  balance.
I t  i s  p o ssib le  to see from th ese data th at the same pattern  of 
c l in ic a l  and biochem ical changes develops under therapy with sodium 
2 :6-dihydroxybenzoate as under sodium s a lic y la te  and co rtiso n e . The 
c h a ra cter is tic  "special s a l ic y la te  syndrome" made i t s  appearance in  
several p a t ie n ts , while the appearance in  two of symptoms o f the 
almost equally sp e c if ic  Cushing’ s syndrome was noted with great in te r e s t .
At the same tim e the nitrogen and chloride balance and f lu id  s h if t  
figu res are in  very c lo se  agreement with the observations already  
made on p a tien ts  under treatment with sodium s a lic y la te  and with the 
observations o f  Hench on treatment with co rtiso n e .
I t  seems probable, th erefore , that sodium 2 : 6-dihydroxybenzoate i s
considerably more a c tiv e  than sodium s a l ic y la te ,  and a c ts  in  a 
s im ila r  manner* Sim ilar re su lts  with one tenth  the dose i s  a 
fa ir ly  r e lia b le  c r ite r io n  o f greater a c tiv ity *  U nfortunately, 
however, the increased a c t iv ity  i s  not s o le ly  with reference to  the 
e f fe c t  in  reducing the symptoms of rheumatic fev er . The to x ic  
fea tu res o f  the a c tio n  o f  sodium s a lic y la te  are a lso  reproduced in  
p a tien ts  when the dosage of sodium 2 : 6-dihydroxybenzoate i s  one tenth  
the usual s a lic y la te  dosage. Just as Cushing’s syndrome appears 
in  p a tien ts  under treatment with lOg. sodium s a lic y la te  per day, and 
100 mg. cortison e per day, so a 1 g* per day dose of sodium 2: 6-  
dihydroxybenzoate i s  s u f f ic ie n t  to induce the le s s  d esira b le  s id e  e ffe c ts*  
The e f fe c t iv e  therapeutic concentration o f sodium 2 :6-dihydroxybenzoate 
does not th erefore , seem to  be s u f f ic ie n t ly  d iffe re n t from the 
concentration producing to x ic  symptoms to  permit i t  t© be regarded as an 
id ea l therapeutic agent.
The increased in te r e s t  in  sodium 2 :6-dihydroxybenzoate and 
the increased demand fo r  samples, did however, lead to  some considerable
research in to  p o ssib le  methods o f preparation. The method o f
(51) . ( 57)
preparation by Limaye and Kelkar x depending on the Nidhone process
already outlined  was e f fe c t iv e  but laborious* The n ecess ity  for
fra c tio n a l c r y s ta ll i s a t io n  o f the rearrangement products o f 4-methy1-7-
ace toxycoumarin in  presence of anhydrous aluminium chloride in  order
t© separate the 4-m ethyl-7-hydroxy-8-acetylcoum arin from the 4-methy1-7-
hydroxy-6-acetylcoum arin a lso  formed reduced the quantity o f product
u ltim a te ly  obtained and grea tly  increased the time required*
?4.
An average o f 4-6 r e o r y s ta llisa t io n s  from d ilu te  a lcoh o l was necessary  
to obtain a product m elting 167- 80. The m odification  of R ussell and 
Frye fo r  the preparation o f  2 :6-dihydroxyacetophenone was not 
found to  show any appreciable improvement. The use o f  sulphuric acid  
in  p lace o f phosphoric acid for the i n i t i a l  condensatiorjkf resorcin ol 
with a ce to a ce tic  e s te r  required great care to avoid high colour and 
charring, so th at both the quantity and q u a lity  of the 7-acetoxy-4-m ethyl 
coumarin obtained were lower than that o f the product prepared according 
to  the method o f Limaye. Constant s t ir r in g  during the add ition  of 
e ith e r  acid to the reso rc in o l, a ceto a cetic  m ixture, and for  2-^ hours 
th erea fter  was, however, advantageous. The b est o v era ll y ie ld  o f  
2:6-dihydroxybenzoic acid  from resorcin o l by the method o f Limaye was 
only 7 $•
(59)Of the other methods known, d irec t carboxylation by the Kolbe■ '  
process was a ttr a c t iv e , 2 :6-dihydroxybenzoic acid was f i r s t  prepared 
by t h is  method in  low y ie ld  by Senhofer and Brunner ^  by heating  
resorcin o l with a concentrated so lu tio n  of ammonium carbonate at 
120-1500. A mixture of 2:4-dihydroxybenzod>c acid , 2 :6-dihydroxybenzoic 
acid and reso rc in o l 2:4-d icarb oxylic  acid was obtained, the 2 :6-
( 61}
dihydroxybenzoic acid being present only in  small quantity. Brunner 
la te r  obtained a 40$ y ie ld  o f almost pure 2 :6-dihydroxybenzoic acid  by 
heating reso rcin o l with sodium bicarbonate in  g lycero l a t l JJ0 with a
( 62)stream of carbon dioxide passing through the mixture, Mauthner 
fa ile d  to confirm th is  r e s u lt ,  the product in  h is  case co n sistin g
o f 2:4-dihydroxybenzoic acid* Clibbens and N ie r e n s te in ^ ^  showed 
th at 2:4-dihydroxybenzeic acid  could be prepared in  6o l  y ie ld  by 
the treatment o f  reso rc in o l in  aqueous sodium or potassium bicarbonate 
in  a stream o f carbon dioxide*
Experiment confirmed the d if f ic u lt y  of duplicating th e r e su lts  
claimed by Brunner l n severa l experiments a fte r  6 hrs. heating
at 135° an approximately 30f  y ie ld  o f predominantly 2:4-dihydroxbenzoic  
acid  was always obtained* The amount o f  2 :6-dihydroxybenzoic acid  
separated by fra c tio n a l c r y s ta ll is a t io n  from warm w ater,in  which 
i t  i s  very soluble,w as never greater than 1 %. On increasing the 
reaction  time with continued passage of oarbon dioxide f i r s t  to  
12 h r s . ,  then to  24 h r s . ,  the y ie ld  o f  p u r if ied  2 :6-dihydroxybenzoic 
acid obtained did not exceed 2 Replacement o f sodium bicarbonate
by potassium bicarbonate and o f g lycerine by water lik ew ise  did not 
appear to a f fe c t  the course o f the reaction . With ammonium carbonate 
in  place o f sodium carbonate the y ie ld  o f both isomers was s l ig h t ly  
lowered.
I t  appeared, th ere fo re , that the e a r lie r  in v estig a to rs  were 
ju s t i f ie d  in  discardir^ t h is  a ttra c tiv e  d irec t method of preparation, 
and i t  was accordingly abandoned. Even had the y ie ld  of mixed 
2s4-dihydroxybenzoic acid and 2 :6-dihydroxybenzoio acid been considerably  
increased i t  i s  doubtful i f  the constant fra c tio n a l c r y s ta ll is a t io n  
required and constant danger of decarboxylatioi^iue to over heating  
would ju s t i f y  continued adherence to the method*
/ £L \
The method o f Mauthner' * , though at f i r s t  s ig h t rather
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unwieldy in  the early  s ta g e s , was soon developed in to  a p ra c tica l  
and convenient method of laboratory preparation of 2 :6-dihydroxybenzoic 
acid* The syn th esis i s  based on the observation o f de B ruyn^^  
on the rea ctio n  o f  m-dinitrobenzene and potassium cyanide in  a lcoh o lic  
so lu tio n . De Bruyn showed that on the addition  o f a co ld  concentrated  
aqueous potassium cyanide so lu tio n  to  a so lu tio n  o f m-dinitrobenzene 
in  methyl a lcohol or in  e th y l a lcoh o l, a n i t r i le  group was introduced  
to  the 2-p o s it io n  and one o f the nitr© groups replaced by a methoxy 
or ethoxy group resp ective ly*  On reflux in g  the product with a so lu tio n  
of potassium hydroxide in  the appropriate alcohol y ie ld s  ©f 
2 :6-dimethoxy b e n z o n itr ile , 2:6-d ieth oxyb en zon itrile  or 2-methoxy-6-  
ethoxybenzonitrile were obtained* Mauthner showed that 2 :6-dimethoxy- 
b en zo n itr ile  so obtained could be hydrolysed by aqueous potassium  
hydroxide so lu tio n  and demethylated by anhydrous aluminium chloride  
in  benzene to  g ive  2: 6-  dihydroxy benzoic acid . R ussell and T eb bens^ ^  
have m odified somewhat the method o f preparati onjof 2 :6-dim eth©xybenzonitrile 
but the y ie ld  was not grea tly  increased compared with that claimed by 
Mauthner*
The overa ll y ie ld  o f 2 :6-dihydroxybenzoic acid from m-dinitrobenzene 
by the method outlined  above was around 6$ but th is  was soon improved 
to  1 2 -1 $  The improvement in  the f i r s t  three stages was la rg e ly  
confined to  technique and w i l l  be d ea lt with later* In connection  
with the demethylation o f the 2:6-dimethoxybenzoic acid , however, 
there seemed considerable p rob ab ility  of an improvement in  the method.
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The method as described by Mauthner g ives a 40$ y ie ld  of rather
impure 2 :6-dihydroxybenzoic acid , the impurity of which seemed to  be
enhanced rather than otherwise by h is technique o f steam d is t i l l in g
o f f  the benzene so lv en t. In dealing with 2 :6-dihydroxybenzoic acid ,
in  which there i s  noticeab le  decarboxylation i f  the s o lid  or i t s
oso lu tio n  remain over 80 for any length  o f tim e, i t  seemed most 
d esirab le  to keep the reaction  temperature down as much as p o ss ib le . 
Accordingly, a method rely in g  on f i l t r a t io n  and separation ef the 
benzene phase rather than on steam d is t i l la t io n  was soon developed 
and the y ie ld  from the demethylation increased to 8^-95$ ° f  2 :6-  
dihydroxybenzoio acid m.p. 138-l60o from 2 :6-dimethoxybenzoic acid . A 
pure specimen o f  the acid  could be obtained when necessary by 
r e o r y s ta llisa t io n  from water or benzene, but i t  was found that sample 
specimens of acid  recovered from sodium 2: 6-dihydroxybenzoate made from 
acid o f  the above standard of purity had a m elting point ©f l6 4 -l6 3 ° ,  
so th at most m aterial was not fu rther pu rified  before conversion  
in to  s a l t .
However, a considerably wider in v estig a tio n  in to  p ossib le  
a ltern a tiv e  methods of demethylation y ielded  some in tere st in g  r e su lts .  
Treatment with anhydrous aluminium chloride in  b o ilin g  chloro-benzene 
and in  nitrobenzene in  place of benzene yielded  only reso rcin o l.
The demethylation was ju s t  as su ccessfu l as with benzene as a so lven t, 
but the higher temperature resu lted  in  prompt decarboxylation o f the
2 : 6-dihydroxybenzoic aoid formed. Treatment with anhydrous 
aluminium chloride in  chlorobenzene and in  nitrobenzene a t 80° with  
s t ir r in g  produced q u an tities  o f 2 :6-dihydroxybenzoic acid  comparable 
to  those obtained in  b o ilin g  benzene so lu tio n . The dem ethylation  
was a lso  su ccessfu l with anhydrous aluminium bromide in  place ©f 
anhydrous aluminium ch lorid e , but the y ie ld  of the same order of 
magnitude, so th a t a change to  the reagent was not ju s t i f ie d .
Some in v e stig a tio n  in to  the possib le  use o f bound hydrogen
halide acids as demethylating agents was a lso  carried out. Although
i t  i s  p ossib le  that the use o f such compounds,suggested by P r e y ^ ^
as a means o f achieving high temperature reaction  with hydrogen
h a lid es without the need o f pressure tubes, might not seem p a rticu la r ly
apposite to the problem of demethylation; of 2: 6-dimethoxybenzoic acid ,
i t  was thought th at i t  might be p ossib le  by lowering the reaction
temperature, to  in i t ia t e  a smooth, steady, convenient reaction . Thus
pyridine hydrochloride, used by Prey as a convenient reagent between 
a t 0
i t s  m *p ./l440 and i t s  b .p . without decomposition a t 218 , was heated
with 2 :6-dimethoxybenzoic acid a t 200 0 and a t l^O0, Resorcinol only
was obtained in  each case. With quinoline hydriodide in  b o ilin g
quinoline (b.£* 240°) as used by Baddar^8  ^ and w ith quinoline
hydriodide ju s t  above i t s  m elting point ( 155°), s im ilar  r e su lts  were
obtained. Warming on the steam bath with m oist pyrid ine,suggested
by C ahn^^ as a p o ssib le  means of demethylation under mild conditions,
yield ed  only unchanged s ta r tin g  m ateria l.
F in a lly , the low temperature demethylation method ©iJFreudenberg 
and h is  a s s o c i a t e s ' ^  was in vestigated  with respect to  2 : 6-  
dimethoxybenzoic acid . A so lu tio n  of the acid  in  liq u id  ammonia
©n treatment with m eta llic  potassium yielded  m aterial so lu b le  in  
sodium bicarbonate which proved on c r y s ta ll is a t io n  from benzene 
to be a mixture o f  unchained 2:6-dimethoxybenzoic acid togeth er with 
some 2-hydroxy-6-methoxybenzoic acid . An increase in  reaction  time from 
3 to  6 and f in a l ly  to  12 hrs. did not increase the proportion of 
2-hydroxy-6-methoxybenzoic acid  above 2  ^ $ On trea tin g  th is  acid  
i t s e l f  w ith potassium in  liq u id  ammonia, the sta r tin g  m aterial was 
recovered unchanged. On treatin g  i t  with anhydrous aluminium chloride  
in  benzene so lu tio n , 2: 6-dihydroxybenzoic acid was obtained.
I t  seemed, th ere fo re ,th a t the improved method o f demethylation 
in  benzene on treatment with anhydrous aluminium chloride was by 
far  the most sa t is fa c to r y , and i t  was therefore adhered to  fo r  the 
demethylation o f such other 2:6-dime thoxybenzoic acid as was prepared.
Since the sodium s a lt  rather than the free acid was administered 
to  p a tien ts , sodium 2: 6-dihydroxybenzoate was always prepared by 
addition  o f the free acid to N-sodium bicarbonate so lu tio n  at 60-70°.
The eth y l and n-propyl esters  of 2 :6-dihydroxybenzoic acid  
and the e th y l, ii-propyl, n-amyl, and n^hexyl e ster s  o f 2 :6-  
dimethoxybenzoic acid were a lso  prepared with a view t© examination 
in  order to  fin d  a drug of slower and more gradual action  than sodium
2: 6-dihydroxybenzoate i t s e l f  (Watson, J .C .S ., 19^2, 2940).
I t  has s in ce  been show n^^ th at d ir e c t  oarboxylation ©f 
resorcin o l by treatment w ith an aqueous so lu tio n  ©f potassium  
bicarbonate under carbon dioxide a t 27 atmospheres y ie ld s  a mixture 
©f equal parts ©f 2:4- and 2 :6-dihydroxybenzoic acids which may be 
separated by ion  exchange chromatography.
Experimental.
Urinary 2 :6-dihydroxybenzoate. The concentration ©f sodium 2 : 6-  
dihydroxybenzoate in  the urine was measured by a simple colorim etric  
method. Urine ( l  m l.) was d ilu ted  to  2  ^ ml. with a pH 2 b u ffer  and 
saturated aqueous fe r r ic  chloride so lu tio n  (0 .1  m l.) added. A 
blue colour developed, the in ten sity  of which was promptly measured 
on a colorim eter. Comparison with standards made by the addition  
of known q u a n tit ie s  of sodium 2 :6-dihydroxybenzoate to  the urine 
ind icated  the amount o f drug present. The blue colour i s  not s ta b le , 
and soon turns mauve or brown, but sa tis fa c to r y  r esu lts  were obtained 
when the colorim eter reading was taken immediately a fte r  the iron  
so lu tio n  i s  added.
E.S.R. The sedim entation rate ©f erythrocytes in  whole blood was 
(19)measured as before ' .
Urinary n itrogen . The concentration of ch lo r id e  in  the urine
( 21)was determined as already described .
Sodium 2 : 9-dihydroxybenz oate. G entisic acid was prepared by the
(35)method of Mauthner • S a lic y lic  acid was oxid ised  in  a lk a lin e  
so lu tio n  by potassium persulphate in  presence o f ferrous su lphate, 
when on ex traction  of the a c id if ie d , f i l t e r e d  reaction  mixture with 
eth er , the g e n t is ic  acid was. obtained. On r e c r y s ta l l isa t io n  of 
the product from water, a y ie ld  of 38$ ®f acid m.p. 197-199° was
© / 7 r \
obtained ( c f .  19& ) • The sodium s a l t  was prepared in  the
same way as th at of 2 :6-dihydroxybenzoic acid.
Sodium 2 :6-dihydroxybenzoate.
(a) Synthesis from resorcin o l through 2:6-dihydroxyacetophenone: The
m odified method found most sa t is fa c to r y  was as fo llo w s:-
(I )  4-methyl-7-hydroxyc@umarin: Resorcinol (2 2 g .) was added to
ortho-phosphoric acid  (d . 1.79* 79 g*) in  a round bottomed fla sk  
f i t t e d  with mechanical s t ir r e r ,  g ly cero l sea l and calcium chloride  
drying tube, and the mixture cooled in  an ic e  bath. A cetoacetic  
e s te r  (32 g .)  was added oyer 1 hr. with constant s t ir r in g , and s t ir r in g  
continued for a fu rth er  3 hrs. The mixture was l e f t  overnight 
then poured in to  water ( 900m l.) s t ir r e d  for 13 m in s., and the p rec ip ita te  
c o lle c te d  and again s tir re d  with water (300m l.) for  19 mins. The 
m aterial thus obtained was refluxed with 80$ eth y l alcohol and 
activa ted  charcoal and r e c r y s ta llise d  as co lou rless needles m.p. 186-7° 
( c f .  1 8 3 -6 ° )^ 1^. Weights and m elting points of y ie ld s  obtained  
from resorcin o l ( 22g. 0 .2  g .m .) as sta r tin g  m aterial are given in  
Table IX.
Table IX.
4-methyl-7-hydroxycoumarin from resorcin ol (22 g . ,  0 .2  g.m .)
"7 — ..... .... ......... " ........
Condensing agent, j Without
j mechanical s t ir r in g .
1 . . ....... .. . .
With
mechanical s t ir r in g .
1' 1 1
ortho-phosphoric (a ) 23*3g* »*P* 183-6° 
acid . (b) 2 4 .3g* m.p. 184-6°
' ■ - - ---- - - ■ " '■■■■■ .......... . ...... ----- — — -----1
(a) 2 8 .7g. m.p. 186-7°
(b) 2 8 .4g. m.p. 186-7°
•
© ! © Isulphuric acid . * (a ) 2 4 .lg .  m.p. 183-6 I (a) 27*6g. m.p. 183-7 !
(b) 2 4 .8g. m.p. 184-6° j (b) 2 6 .9g. m.p. 186-7 j
I t  was found th at the quantity o f phosphoric acid  recommended by 
L im a y e^ ) .a s  rather meagre, but s t ir r in g  improved both the quantity  
arid q u a lity ’ of the y ie ld , even a fter  the quantity of phosphoric acid  
had been increased . With sulphuric acid as condensing agent, as 
recommended by H u sse ll^ 8  ^ great care was necessary to avoid the 
development of high colour in  the product.
I I .  4-m ethyl-7-acetoxycoumarin: The acety l d erivative  was prepared
by reflu x in g  4-m ethyl-7-hydroxycoumarin (23 g*) snd fused sodium
aceta te  (23 g .)  with a ce tic  anhydride (30 g .)  for 2 hrs. The
reaction  mixture was cooled , poured in to  water (300 m l.) , s tirred
for  13 m ins.,and the p recip ita te  c o lle c te d  and again s t ir re d  with
water (300 m l.) fo r  13 mins. The 4-m ethyl-7-aeetoxycoumarin thus
obtained was r e c r y s ta llis e d  from 90$ etb y l alcohol and obtained
as co lou rless  n eed les, m.p. 190-131 (of* 13-0  ^ • The f ie ld s
obtained varied from 23*9 g* 27*1 g» Tt was f e l t  that r e c r y s ta ll isa t io n
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was advisable to  ensure a uniform purity of s ta r tin g  m aterial fo r  the 
next s ta g e .
I l l  • 4-m ethyl- 7-hydroxy-8-acety lcoumari n: 4-m ethyl-7-acetoxycoumarin
(20 g .)  was w ell mixed with anhydrous aluminium chloride (4^ g .)  in  a 
1 L.round bottomed f la sk . The temperature was ra ised  to l6 o 0 over 
1 hr. and maintained at that temperature for a further hour. The
A
reaction  mass was then cooled , broken up somewhat and water at 0
(290 m l.) added over $0 mins* followed by hydrochloric acid  (230 ml. o f 2 N).
The mixture was then heated on the steam bath for 30 mins. with
mechanical s t ir r in g . The product obtained was f i l t e r e d , washed
w ith water and r e c r y s ta llis e d  from 93 % ethyl a lcoh o l, when greenish
©yellow c r y s ta ls  m elting 1^4-1^8 were obtained* Four further  
r e c r y s ta ll isa t io n s  from the same so lven t y ie ld ed  pale green c ry sta ls  
m.p. l6 6 -7 °  ( c f .  167- 8° )^ * ^ . The y ie ld s  obtained from 7-acetoxy-4-
(51)methylcoumarin (20 g . ) by th is  method and by the procedures of Limaye 
( 38 )and R u ssell are ind icated  in  Table X.
The method of ex tra ctio n  o f  the product in  small q u a n tit ie s  o f  
10% sodium carbonate so lu tio n  was not found to  serve any u sefu l 
purpose. N either quantity nor qu a lity  o f y ie ld  seemed to  be a ffec ted .
The method o f  R ussell was not found to  give a g rea tly  improved 
product. The m elting point of the in i t i a l  mixture obtained from the 
reaction  was somewhat higher, but the f in a l y ie ld  of pur© 7-hydroxy-8- 
acetyl-4-m ethylcoum arin was not considerably enhanced.
Table X.
4-*ethyl-7-hydroxy-8 acetylcoumarin from 4-m ethyl-7-acetoxycouiiarin ( 20g .)
Method
----------- --------------
M elting p t. 
a fter  one re­
c r y s ta ll i s a t io n
M elting p t. 
a fter  f iv e  re­
c r y s ta llisa t io n s
r ' ............. .......................
Weight 
a fte r  f iv e  re­
c r y s ta ll is a t io n s  |
. . . . . . . . . . . . . . . . . . .  J
as given by 
Limaye.
(») 149 - 154® 
(b) 150 -  154°  
( 0) 150 -  155
l 6j? -  1 6 6 0
166 -  167°
164 -  166°
3 .1  g. !
4 .0  g . j 
3*4 g*
las given by 
jR ussell.
(a)  154 -  158®
(b) 154 -  159°
(c )  153 -  158®
1 6 5  -  166°
165 -  166°
166 -  167°
M  g®
g.
4 .6  g .
as given  
above •
(a)  154 -  158°
(b) 153 -  158°
(c )  154 -  159
. . . . _.i
166 -  167°
165 -  16 6 °
16 6  -  167°
4.6  g .  
4 .8  g .  
V ?  g*
IV* 2 : 6-dihydroxyacetophenone: 7-hydroxy-8-acetyl-4-m ethylcouraarin
( 9*0g .)  was placed in  a 2^0 ml*, reund bottomed three necked f la sk ,  
f i t t e d  with mechanical s t ir r e r  with mercury s e a l ,  dropping funnel, 
reflu x  condenser, gas in le t  and gas o u tle t with mercury tap. Water 
(25 m l.) was added, and nitrogen passed through the apparatus for  
15 mins. then sodium hydroxide so lu tio n  (}7 .^  ml. ©f 20$) added, and 
the reaction  mixture heated for 6 hrs. on the steam bath, with 
constant mechanical s t ir r in g . At the end ©f th is  time the mixture 
was cooled , a c id if ie d  with 4 N hydrochloric acid and the p recip ita ted  
reddish brown mass, co lle c te d , washed with water, and r e c r y s ta llise d ,  
frora water when a y ie ld  of g* pale yellow th ick  needles m.p. 1 ^ ^ 1^6 
was obtained.
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I f  a nitrogen atmosphere was not m aintained,the purity o f the 
y ie ld  deteriorated  somewhat, though the q u ality  was l i t t l e  a ffec ted  
(5*2 g . , m.p. 153“5°)* Increasing the length o f time the mixture 
was heated on the steam bath to  12 hrs. a lso  resu lted  in  no s ig n if ic a n t  
improvement in  y ie ld  (5*4 g . ,  m.p. 154-6°) ( c f .  m.p. 1 5 7 - 8 ° ) ^ ^ .
V. 2-m ethyl-3-acety 1-5-hydro xychromone: 2 :6-dihydroxyacetophenone (5g*) 
was heated with fused sodium aceta te  (5 g . ) and a c e t ic  anhydride (10 g .)  
at l6 o °  for  5 hrs. The mixture was then cooled and poured in to  water 
and the brown powder so obtained d isso lved  in  ether (200 m l.) This 
ether ex tract was washed twice with N sodium hydroxide so lu tio n  (40 m l.) 
and tw ice with water (40 m l.) On a c id if ic a t io n  o f the combined 
aqueous ex tract with 4 N hydrochloric acid , a pale brown powder was 
p rec ip ita ted , which y ie lded  4 .8 g . co lou rless  c ry sta ls  m.p. 122° on 
r e c r y s ta l l isa t io n  from 20$ a cetic  acid  ( c f .  m.p. 122° ) ^ ^ .
VI. 2 :6-dihydroxybenzoic acid: 2-methyl-5-acetyl-5-hydroxychromone (5  g .)
was warmed on the steam bath for 2 h rs. with N ca u stic  soda (50 m l.) .
The mixture was then cooled in  an ic e  bath and a c id if ie d  with cooled  
4 N hydrochloric ac id . The powder precip ita ted  ©ut was red isso lved  
in  sodium carbonate so lu tio n  (35 ®1* 10$) rep recip itated  with
4 N hydrochloric acid . The pink product so obtained was r e c r y s ta llise d  
from water to  give 3 g* co lou rless  c ry sta ls  m.p. 165-6 ( c f .  166-7 ) .
2 m ethyl-5- a c e ty l-5-acetoxychromone: 2 m eth yl-3-acety l-5 -  
hydroxychromone (2 g .)  was heated with fused sodium acetate  (2 g .)  and 
a c e t ic  anhydride (15 g .)  a t 150® fo r  4 hrs. The mixture was then
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cooled , and the powder so obtained d isso lved  in  ether (100 m l.).
This e th er  ex tra ct was washed twice with N sodium hydroxide (20 m l.) 
and tw ice with water (20 m l .)>then dried over anhydrous sodium 
su lp h ate, and the ether evaporated o f f .  On r e c r y s ta ll isa t io n  o f  
the residue from w ater, 0 .9  g. co lo u r less  c ry sta ls  m.p. 108-9° were 
obtained ( c f .  m.p. 109°)
The same product was obtained d ir e c t ly  from 2:6-dihydroxyacetophenone 
(2 g .)  by heating a t l6 o °  fo r  6 hrs. with fused sodium acetate (2 g .)  
and a c e t ic  anhydride (20 g . ) On working up the reaction  mixture 
in  the same way, 0 .7  g . 2-m ethyl-3”a©etyl-5-acetoxychromone m.p. 108-9° 
was obtained. A c id ifica tio n  of the a lk a lin e  washirgs with 4 N 
hydrochloric acid ,and r e c r y s ta llisa t io n  of the p rec ip ita te  from 20$ 
a cetic  a c id , y ie ld ed  0 .1  g. 2-m ethyl-3-a c e ty l-5-hydroxychromone 
m.p. 121- 2° .
(b) Synthesis from reso rc in o l by d irec t carboxylationl Dry 
resorcin o l (22 g . ) was placed in  a ^00 ml. round bottomed f la sk  
f i t t e d  with gas in le t  t o  bottom of f la sk , reflu x  condenser and gas 
o u tle t  with mercury trap . Sodium bicarbonate (44 g .)  and g ly cero l  
(44 g .)  were added, and the mixture heated to  135 ^or  ^ h rs. w ith  
constant passage of carbon d ioxide. The mixture was then cooled  
and water (150 m l.) added, and the whole w ell s tir red , f i l t e r e d  and 
extracted tw ice with ether ($00 m l.) The aqueous so lu tion  was 
then a c id if ie d  with 4 N hydrochloric acid , and extracted four times 
with ether (500 m l.) The combined ethereal so lu tio n  was dried over
anhydrous sodium sulphate, the ether removed, and 13.5 g. M aterial 
m elting 146-194° obtained. This m aterial was r e c r y s ta llis e d  from 
water (50 m l.) . The le s s  soluble fra ctio n  a fter  three further  
r e c r y s ta ll isa t io n s  from water, weighed 9*8 g* and proved to be 2 :4 -  
dihydroxybenzoic a c id . From the aqueous so lu tio n  a fte r  saturation  
with sodium ch loride and ex traction  with ether a residue was 
obtained from which a fter  further fraction a l c r y s ta ll is a t io n  from water
0 .3  g. 2 : 6-dihydroxybenzoic acid  m.p. I 63- 5® was f in a l ly  separated.
A sim ila r  technique was employed in  the other experiments on d irec t  
carboxylation , the r e su lts  of which are summarised ©n Table XI.
The s t a t i s t i c a l  s ig n ifica n ce  o f these r e su lts  i s  doubtful, but 
the y ie ld  seemed c o n s is ten tly  too low, and too laboriou sly  gained, 
to  ju s t i fy  the accumulation o f fu rther data on the d irect carboxylation  
of rescrc in o l at atmospheric pressure.
(c ) Synthesis from m-dinitrobenzene through 2:6-dim ethoxybenz©nitrile: 
The method f in a l ly  adopted was as follows:
1. 2-nitro-6-m ethoxy b en zon itr ile: m-dinitrobenzene (500 g .)  was 
d isso lved  in  methyl alcohol ( 7 .5  L .) in  a 10 ga llon  earthenware
crock placed in  a sink supplied with hot and cold water to serve as
thermotank. The temperature was raised  to  40 and a so lu tio n  ©f
potassium cyanide (230 g .)  in  water (400 m l.) added over a period ©f
15 m ins., with constant mechanical s t ir r in g  throughout the add ition .
The mixture was maintained at 40° fo r  a further 2 h r s . , vigorous 
s t ir r in g  being continued during th is  period. The dark purple mixture
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Table XI.
Dihydroxybenzoic acids by d irec t carbonation of reso rcin o l (2 2 g .,0 .2 g .m .)
Starting
M aterial
Experimental 
co n d itio n s. j
I n i t ia l
soluble
bicarbonate
•
product.
2 ^ - d i -  
hydroxy 
benzoic 
acid  
( is o la te d )  
g*
2 :6 - d i­
hydroxy 
benzoic 
acid
( is o la te d )
g*
- - t
i weight \ 
g*
m. p.
°C.
resorcin o l 
(22 g .)  
sodium 
bicarbonate 
(44 g .)
6 hrs. a t
135°
i
(a ) 14.4
(b) 15 .5  
( 0 ) 15.3:
141-198 
146-194
142-195
9.2  
9.8
9 .3
0 .5
0 .7
g ly cero l
(44 g .)
12 h rs. a t
133° i 15.6  j 140-189 9*° 0 .9
■
24 h rs. at
13 3° | 13 .2  | 145-197 j 9 .1
resorcin o l
(22 g .)
potassium
bicarbonate
(44 g .)  ' 
g ly cero l  
(44 g .)
j
1
. 6 hrs. a t
15 3
]
!
i
i
j
14.9 148-199
y
f
j 10.5
\
■
f- - .....  -
resorcin ol 
(22 g*) 
sodium 
{bicarbonate 
(44 g .)  
water 
(44 g .)
6 hrs. a t  
100°
1 ■
15.1 144-196
ef
§r
| 10.1
j
.
0 .4
resorcin ol
(22 g .)
ammonium
carbonate
44 g. )
water
(44 g .)
6 hrs. a t  
100°
J___
.
12.8 149-191 : 9-? I 0 .2is
69.
was then allowed to stand a t room temperature fo r  5 days, a t  the  
end of which period the black p rec ip ita te  was f i l t e r e d  o f f  under 
reduced pressure, and water (60 L.) added to  the f i l t r a t e ,  and the 
mixture s tir re d  fo r  1 hr*, then allowed to  stand overnight, when 
a further quantity of dark brown p rec ip ita te  was obtained* The 
combined p rec ip ita te s  were dried as much as p ossib le  on the Buchner 
funnel fo r  5 days, then exhaustively  extracted with chloroform in  
a SoKhlet apparatus* The combined chloroform extracts  were then  
concentrated to  ^00 ml* by d i s t i l la t io n  and 60- 80° petroleum ether  
(l L.) added to p recip ita te  out the crude 2- n i t ro-6-methoxybenzanitr i l e .
This red powder was f i l t e r e d  and dried on the Buchner funnel. Y ields 
obtained from m-dinitrobenzene were 154 g . ,  163 g . ,  172 g . ,  168 g . ,  
representing an average of ^4 $ . This m aterial was not fu rther  
p u rified  before proceeding to  the next stage .
( 2) 2: 6-dim ethoxybenzonitrile : 2-n itr o -6-m ethoxybenzonitrile (8 g. ) 
was refluxed for  2 hrs. with a so lu tion  of potassium hydroxide (64 g . ) 
in  methyl alcohol (1*5 I».) . The so lu tion  was then concentrated by 
d is t i l la t io n  to  a volume of J20 ml. and poured into water (3 L .) .
The brown s o lid  so obtained was washed with cold  water, dried and
refluxed with chloroform (240 m l.) and activ a ted  oharcoal.60- 80°
petroleum eth er  (400 m l.) was added to  the f i l t r a t e  and the l ig h t
brown needles p rec ip ita ted , f i l t e r e d ,  and dried , m.p. l l6 -7 *  ( o f .  116-7°)^. ^
Yields obtained were 56 g . , 54 g*# 37 g*» 3^*» 38 g* * 39 g*»
representing an average of 64 % ca lcu lated  from 2-n itr o -6-m ethoxybenzonitrile
as sta rtin g  m aterial, or 19*1 % ca lcu lated  from m-dinitrobenzene.
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I I I .  2 :6-dimethoxybenzoic acid: 2 :6-dim ethoxybenzonitrile (8 g .)  was 
mixed with a so lu tio n  of potassium hydroxide (200 g .)  and water (400 m l.) 
in  a Pyrert f la s k  and the mixture b o iled  on a sand bath under a re flu x  
condenser for  48 hrs. The so lu tio n  was then cooled , and the potassium  
s a l t  o f 2 :6 -dimethoxybenzoic acid c o lle c te d  on a s in tered  g la ss  f i l t e r .
I t  was converted to  the acid by d isso lv in g  in  the minimum quantity
o f  water (approx. 15 m l.) and a c id ify in g  the so lu tio n  with concentrated  
hydrochloric a c id . I t  was then f i l t e r e d ,  washed with water, dried , 
and pu rified  by ex traction  with benzene in  a Soxhlet apparatus.
Y ields ranging from 6 .0  to 6 .8  g. acid m.p. 186-7° ( c f .  1 8 6 -7 ° )^ ^  
were obtained, representing an average y ie ld  o f 76 $ from 2:6- 
dim ethoxybenzonitrile or 14.9 $ from m -dinitrobenzene.
IV. 2 :6-dihydroxybenzoic acid: 2 :6-dimethoxybenzoic acid (6 g . ) 
was d isso lv ed  in  dry benzene (360 m l.) ,  powdered anhydrous aluminium 
chloride (22 .4  g . ) added, and the mixture heated on the water bath 
for  2 hrs. under reflu x  with constant s t ir r in g . The so lu tio n  was 
then cooled, poured on to powdered ic e  X150 g . ) ,  f i l t e r e d ,  and the 
benzene la y er  separated o f f .  The aqueous layer  was then a c id if ie d  
with concentrated hydrochloric acid  (approx. 15 m l.) and the  
cry s ta ls  f i l t e r e d  o f f  and washed with benzene (10-20 m l.) . Y ields o f  
from 4 .5  to  4 .8  g. acid m.p. 159“1^1° were obtained, representing
an average y ie ld  o f 9^ % 2 :6-dihydroxybenzoic acid  from 2:6-
diaethoxybenzoic acid  or 13*1 % from m-dinitrobenzene.
V. Sodium 2:6-dihydroxybenzoate: 2:6-dihydroxybenz©ic acid  ( lO g .)
was d isso lved  in  N sodium bicarbonate so lu tio n  (30 ml*) by heating
9on a water bath a t 70-80 with s t ir r in g . Solid  sodium bicarbonate
( 2*3 g .)  was then added, the so lu tio n  f i l t e r e d  hot and cooled to  
o0 • The sodium s a l t  was f i l t e r e d  and r e c r y s ta llise d  from 0 .3  N sodium
bicarbonate so lu tio n  ( 10-13 m l.) again heating only to  70- 80® and 
ocooling  to 0 •
Experiments on dcmethylat ion o f 2:6-dimethoxybenzoic ac id .
(a) 2: 6-dimethoxybenzoic acid (2 g . , 0*11 g.m .) was d isso lved  in
chlorobenzene (20 ml. dried over magnesium su lphate, b .p . 131- 2®) 
and powdered anhydrous aluminium chloride ( 7*55 0*033 g.m .)
added. The mixture was refluxed with mechanical s t ir r in g  for 1 hr., 
cooled , poured on to  powdered ice  (30 g . ) ,  f i l t e r e d ,  and the 
chlorobenzene removed by steam d i s t i l la t io n .  The residual aqueous 
la y er  was a c id if ie d  with concentrated hydrochloric acid (approx. 3 *1. )  
and extracted tw ice with ether (200 m l.) The combined ether extract  
was washed tw ice with N sodium bicarbonate so lu tio n  (10 m l.) then  
twice with N sodium hydroxide so lu tio n  (10 m l.) On a c id if ic a t io n  
and r e c r y s ta ll isa t io n  of the products obtained, the bicarbonate 
extract y ie ld ed  2 :6-dihydroxybenzoic acid (0 .1  g . ) and the sodium 
hydroxide extract y ie lded  resorcin o l (0 .8  g . )
On repeating the experiment using the same q u a n tities  and 
conditions but continuing the refluxing for 2 h r s ., resorcin o l ( 1 .2  g .)  
only was obtained.
On repeating the experiments with the same q u a n tit ie s , but
© /  s t ir r in g  for  2 hrs. a t 80 instead o f re flu x in g , 2:6-dihydroxybenzoic
acid (0 .9  g . ) and reso rc in o l (0 .2  g . ) were obtained.
(b) When the above experiment was repeated with nitrobenzene (20 m l.) 
in  place o f chlorobenzene, a fter  1 hr. reflu x  reso rc in o l(1 .0  g . )
only was recovered.
On repeating the experiment with the same q u a n tities  but 
s t ir r in g  for  1 hr. at 80° instead  o f reflu x in g , 2 :6-dihydroxybenzoic 
acid  (0 .8  g . ) and resorcin o l (0 .1  g . ) were obtained.
(c )  2 :6-dimethoxybenzoic acid ( 2 g ., 0.011 g.m .) was d isso lv ed  in  
benzene ( 100 m l.) and anhydrous aluminium bromide (14 .7  g«, 0.0j?j? g*m») 
added. The mixture was refluxed fo r  2 hrs. with constant s t ir r in g ,  
then cooled  and poured on to  powdered ice  (^0 g . ) ,  f i l t e r e d ,  and the 
benzene separated o f f .  The aqueous layer  was a c id if ied  with  
concentrated hydrochloric acid (approximately  ^ m l.) and the  
p rec ip ita te  f i l t e r e d  o f f  and washed with a l i t t l e  benzene, when
2:6-dihydroxybenzoic acid ( l . l  g . ) m.p. 157-l60O was obtained.
(d) 2 :6-dimethoxybenzoic acid (2 g . ,  0.011 g.m .) and pyridine  
hydrochloride (3*^5 g*# O.O33 g»m*) were heated for  6 h rs. at 200° 
in  a round bottomed fla sk  f i t t e d  with reflu x  condenser and calcium  
chloride drying tube. At the end of th is  time, the mixture was cooled  
and d isso lved  in  ether (200 m l.) , The eth erea l so lu tio n  was washed 
twice with 2 N hydrochloric acid (20 m l.) and twice with water (20 m l.). 
On evaporation of the dried ether, reso rcin o l (0 .8  g .)  was obtained.
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On repeating the experiment with the same q u a n tities  and with  
the same conditions except that the temperature was maintained 
a t l^O0 instead  o f 200°, 0 .6  g. resorcin o l was obtained.
(e ) 2:6-dimethoxybenzoic acid (2 g . ,  0.011 g.m .) was d isso lv ed  in  
quinoline (10 m l., b .p . 237- 238°) and quinoline hydriodide (8.j> g . ,  
0.033 g*nu) added. The mixture was refluxed for 6 hrs.under anhydrous 
con d ition s, then cooled and d isso lved  in  ether (200 m l.) . The 
eth erea l so lu tio n  was washed twice with 2 N hydrochloric acid  (20 m l.) 
and tw ice with water (20 m l.) . On evaporation o f the dried ether, 
resorcin o l ( 0 .9  g .)  was obtained.
On repeating the experiment om itting the qu inoline, and 
maintaining the mixture a t 1?0°, resorcin o l (0 .6  g . ) only was 
even tually  recovered.
( f )  2 :6-dimethoxybenzoic acid (2 g . , 0 .011 g.m .) was d isso lved  in  
piperid ine (10 m l.) in  a round bottomed fla sk  f i t t e d  w ith mechanical 
s t ir r e r  and reflu x  condenser, water (0 .5  m l.) added and the so lu tio n  
warmed on the water bath with constant s t ir r in g  for JO mins. At 
the end of th is  tim e, the whole was d isso lved  in  ether (200 m l.) ,  
washed tw ice with 2 N hydrochloric acid (20 m l.) and tw ice with water 
(20 m l.) . On evaporation of the dried eth er , only unchanged
2 :6-dimethoxybenzoic acid was again recovered.
On repeating the experiment but extending the time o f heating  
to  6 h rs. only unchanged 2 :6-dimethoxybenzoic acid was again  
recovered.
When the experiment was repeated using pyridine (10 m l.) in  
place ©f p ip erid in e, unchanged sta rtin g  m aterial only was recovered.
(g) 2 : 6-dimethoxybenzoic acid  (3 g*) was d isso lved  in  liq u id  ammonia 
( 1^0-200 m l.) in  a 3^0 rol* round bottomed fla sk , f i t t e d  with in le t  
from an inverted ammonia cy lin d er, s t ir r e r  with p araffin  s e a l, and 
reflu x  condenser with mercury trap a t top. Potassium (3 g*) was 
added and the ammonia volume maintained during 3 brs. s t ir r in g  a t  
room temperature. At the end of t h is  time the ammonia cylind er was 
replaced by a nitrogen cy lin d er , and the ammonia evaporated o f f  under 
a stream o f n itrogen. HIther(3»0 m l.) was then added, and the potassium  
decomposed by carefu l addition  of water (20 m l.) .  The ether layer  
was separated o f f ,  d ilu ted  up to  200 m l., and washed tw ice with water 
(30 m l.) From the mixture obtained on evaporating down from the 
e th er , c r y s ta ll is a t io n  from water f in a l ly  iso la ted  unchanged 
2 :6-dimethoxybenzoic acid ( 1 .0  g . ) and 2- hydroxy-6-methoxybenzoic 
acid  ( 0 .2  g . ) m.p. 1 3 4 °(c f. 13^°)
On repeating the experiment, but extending the reaction  time 
f i r s t  to 6 hrs. then to  12 h r s .,  the y ie ld  o f  2-hydroxy-6-methoxybenzoic 
acid  rose to  0 .3  g* and 0 .4  g. re sp ec tiv e ly .
The experiment was then repeated using the pure 2-hydroxy-6- 
aethoxy benzoic acid ( 0 .3  g«) as s ta r tin g  m aterial, but only the 
unchanged acid was recovered a fter  12 hrs.
2-hydroxy-6-methoxybenzoic acid ( 0 .3  g») was d isso lved  in  benzene 
(30 m l.) and powdered anhydrous aluminium chloride ( 1.72 g .)  added, 
and the mixture heated on the steam bath for 2 hrs. under reflu x
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conditions with constant mechanical s t ir r in g . The so lu tion  was 
then cooled , poured on to  powdered ic e  (12 g . ) ,  f i l t e r e d ,  and 
the benzene layer separated o f f .  The aqueous layer  on a c id if ic a t io n  
with concentrated hydrochloric acid yie lded  2 :6-dihydroxybenzoic acid  
(0 .28  g .)  m.p. l5 8 - l6 0 ° .
S s te r if ic a t io n  o f 2 t6-dihydroxybenzoic acid .
Methyl 2:6-dihydroxybenzoate:
(a ) 2 :6-dihydroxybenzoic acid (5 g . ) was d isso lved  in  methyl a lcohol
(20 ml. dried over sodium), concentrated sulphuric acid (0 .2  m l.) 
added and the so lu tio n  refluxed for 8 hrs. on the steam bath. The 
excess alcohol was then d is t i l l e d  o f f ,  water (50 m l.) added and the 
aqueous so lu tio n  extracted , twice with ether (100 m l.) • The 
combined ethereal so lu tio n  was washed tw ice with N sodium bicarbonate 
so lu tio n  (20 m l.) and tw ice with water (20 m l.) ,d r ied  over anhydrous 
sodium sulphate and the ether evaporated o f f .  The residue on 
r e c r y s ta ll isa t io n  from 80$ methyl alcohol y ielded  methyl 2:6- 
dihydroxybenzoate (2 .1 g .)  m.p. 67-68° ( c f .  67- 68° ) ^ ^ .
(b) 2 :6-dihydroxybenzoic acid  (5 g . ) was d isso lved  in  methyl alcohol
(100 ml. dried over sodium), the so lu tio n  saturated with dry 
hydrogen chloride and refluxed 6 hrs. on the steam bath. This process 
o f saturating  with hydrogen chloride and reflu x in g  for  6 hrs. was 
repeated tw ice more. The alcohol was then d is t i l l e d  o f f ,  water (50 m l.)
added and the mixture extracted  twice with ether (100 m l.) . The
combined ethereal so lu tio n  was washed tw ice with N sodium bicarbonate
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so lu tio n  (20 m l.) and tw ice with water (20 m l.) ,  dried over anhydrous 
sodium su lphate, and th e eth er  evaporated o f f .  The residue on. 
r e c r y s ta l l isa t io n  from 80$ methyl a lcohol y ie ld ed  methyl 2 :6-  
dihydroxybenzoate ( 5*1 £ • )•
Ethyl 2:6-dihydroxybenzoate: On d isso lv in g  2 :6-dihydroxybenzoic acid
(8  g . ) in  eth y l alcohol (20 m l.) and trea tin g  as in  process (a) above, 
ethyl 2 : 6-dihydroxybenzoate ( 1 .5  g*) was obtained.
When 2 :6-dihydroxybenzoic acid  (5 g . ) in  eth yl a lcohol (100 m l.) 
was treated  as in process (b) above, ethyl 2:6-dihydroxybenzoate (2 .4  g .)  
was obtained.
The m elting poin ts and analyses o f e th y l 2:6-dihydroxybenzoate 
and o f the other e ster s  o f 2 : 6-dihydroxybenzoic aand 2 :6-dimethoxybenzoic 
acids of which no record was to be found in  the lite r a tu r e , are given  
in  Table X II ..
ii- propyl 2 :6-dihydroxybenzoate. On d isso lv in g  2: 6-
dihydroxybenzoic acid (5 g*) in  nt-propyl a lcohol (20 m l.) and trea tin g  
as in  process (a) n- propyl 2 :6-dihydroxy benzoate (0 .6  g .)  was ebtained.
When 2 :6-dihydroxybenzoic acid g .)  in  n-propyl a lcohol (100 m l.) 
was treated  as in process (b) n-propyl 2 : 6-dihydroxybenzoate ( l . 8g .)  
was obtained.
E s te r if i cation  of 2 :6-dimethoxybenzoic acid .
The method was id e n tic a l with that already described fo r  
2 :6-dihydroxybenzoic acid (a ) .  Yields from 2 : 6-dimethoxybenzoic acid  
varied from 3.7 g . for  the methyl e s te r  to  1 .6  g. for  the n-hexyl e s te r .
80 $ methyl a lcoh o l was used as so lven t fo r  r e c r y s ta l l is a t io n  in  
every case*
Table XII.
E sters of 2:6-dihydroxybenzoic acid and ©f 2 :6-dimethoxybenzoic acid*
. . .  . .  . . . .  -- - - - - - - - - - - - - - - - - - — — - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ester m.p* Pound
c , $
Formula
■- - - - - - - - - - - - - - - 1
!
Required I
c,% \
1 eth y l 2 :6-dihydroxybenzoate 5 0 -5 1 59*2 5.5 C9H10°4 5 9 - 5 W
In-propyl 2 :6-dihydroxybenzoate 5 8 - 3 9 61.0 6 .5 C10H12°4 61.2 6 .2
Sethyl 2 : - dimethoxybenzoate 71-72 62*8 6.7 C1XHX4°4 62.8 6.7  :
n-propyl 2 :6-dimethoxyhenzoate 37-58 1 64.4
i
7 .1  i CX2HX6°4 64.2 7.2 j
In-amyl 2 :6-dimethoxybenzoate 47-48 66.4 7.8 CX4H20°4 i 66.6 8 .0  |
j
|n-hexyl 2 : 6-dimethoxybenzoate
I  i
I . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . „ J
48-49 1
,  |  
. . .  . _ _ _ _ _ _ 1
67.4 8 .2  s
I
J
CX5H22°4 !
I
j
, .. _ _ _ _ _ _ _ _ _ _ __  , i
67.6 8 . 5 1
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5-A lk y l-2 ;6-dihydroxybenzoic acids.
I t  has been shown th at sodium 2:6-dihydroxybenzoate , while 
considerably more activ e  than sodium s a l ic y la te  in  that i t  produces 
comparable r e su lts  with one tenth the dose, a lso  produces comparable 
s id e  e f f e c t s  at th is  dosage. In p atien ts receiv ing a dose equal 
to  ©ne tenth the usual sodium s a lic y la te  dose, or ten times the
customary cortisone dose, the "specia l s a l ic y la te  syndrome" which i s
to
the frequent concommittsrtt/salicylate therapy, and the Cushing's 
syndrome which has frequently  been observed in  p a tien ts  under 
treatment with cortison e and A.O.T.H. have both been observed. I t  
seems probable th erefore, th at lik e  s a lic y la te  and a lso  cortiscn e  
i t s e l f ,  sodium 2: 6-dihydroxybenzoate must be regarded not as the 
ultim ate therapeutic agent in  a p articu lar  f ie ld ,  but as a p ra ctica l 
interim  drug whose pharmacological and b io lo g ic a l properties may be 
correlated  with i t s  chemical properties to  g ive some in d ica tion  o f  
the c h a r a c ter is tic s  required in  an improved su b stitu te , A drug 
with the therapeutic a c t iv ity  of sodium 2 :6-dihydroxybenzoate but 
which did not induce to x ic  symptoms except in  a dose perhaps four 
or f iv e  tim es the normal therapeutic dose, would be sa tis fa c to r y .
One which could combine the slow rate of absorption and steady action  
of oortisone « ith  a more permanent e f f e c t  on the p atien t in  order 
to  avoid the frequent relap ses on cessa tio n  of therapy, would 
represent a great advance.
I t  i s  probable th at with oral adm inistration of sodium
2 :6-dihydro xybenzoate rate o f absorption i s  rather too grea t.
C lin ica l observations made on p a tien ts  undergoing treatment with
sodium 2:6-dihydroxybenzoate ind icated  that a four hourly dosage was
barely s u f f ic ie n t ,  as even w ith in  th is  r e la t iv e ly  short in terva l
there appeared on occasion to be immediate in i t i a l  rem ission
follow ed by p a r tia l return o f some o f the more obtrusive symptoms
of rheumatic fev er , such as jo in t  pain and general s t i f f n e s s .  Dosage
more frequently than four hourly would obviously be most inconvenient
so that a slow er acting drug would be preferred.
I t  was decided, th erefore to attempt to  assess the therapeutic
value in  the treatment of rheumatic fever  o f a number o f 2: 6-
dihydroxybenzoic acid  homologues, with the c h ie f  featu res sought
being an a c t iv ity  equivalent to , or greater than, th at of sodium
2 : 6-dihydroxybenzoate but le s s  obtrusive side e f fe c t s  and a t the
same time a lower rate o f absorption. Such a compound i f  found
in  th is  s e r ie s ,  would c o n stitu te  a replacem ent. for sodium s a lic y la te
and a su b stitu te  for  cortison e at once commendable for  general use
and r e la t iv e ly  rea d ily  ava ilab le  in  v ir tu a lly  any quantity required.
A ttention  turned in  the f i r s t  instance to  2:6-dihydroxy«r3-alkylbenzoic
ac id s , of which only s lig h t  mention o f the 2 :6-dihydroxy-3-ethylbenzoio  
C72)acid has as y e t appeared in  the l ite r a tu r e . 2 :6-dimethoxy-3  methyl' 
(75 74)benzoic acid J9 has however, been prepared by a route based on
the synth esis o f  Limaye for 2 :6-dihydroxybenzoic acid , using
3-e th y lre so rc in o l as sta r tin g  m ateria l, and methyl 2 :6-dihydroxy-3-m ethyl-
benzoate has been prepared by a Gattermann reaction  on methyl 2: 6-
(75)dihydroxybenzoate '  •
I t  seemed probable, however, that a more d irect route for  the
( 51)preparation o f these acids than the syntheses o f e ith e r  Limaye '  or 
Mauthner^^*^^ might be p r o fita b le , in  order to reduce to a 
minimum the quantity of 4 -a lk y lreso rc in o l or 2:4-d in itro-a lky lb en zene  
required as s ta r tin g  m aterial, and a tten tio n  was therefore given to  
the p ossib le  introduction  o f 3~ k y l-2 :6-dime thoxy phenyl lith ium  or
3-a lk y1- 2: 6-dihydroxyphenyllithium  as interm ediaries.
The value of organolithium compounds in  organic chemistry l i e s  
in  th e ir  r e la t iv e ly  high s t a b i l i t y  as compared with the corresponding 
©rganosodium and organopotassium compounds. As might be expected  
from the p o s it io n  o f lith ium  in  theperiodic ta b le , the chemical behaviour 
of organolithium compounds i s  intermediate between that of the other 
©rganoalkali-m etal compounds and the organomagnesiura d er iva tives  
Comprising reagents. Thus although the s e n s it iv ity  of these
organolithium compounds to oxygen and to water remains high, so that 
reactions must be carried out in  an in ert atmosphere, in  an 
atmosphere o f dry nitrogen a considerable range of reaction s may be 
effec ted .
Organolithium compounds may be prepared d ir e c t ly  by the a c tien  
o f n e ta ll ic  lith ium  on an a lk y l or aryl halide in  a variety  of so lven ts  
including d ieth y l e th er , benzene and the various petroleum ether  
fr a c tio n s , the preparation being represented by the equation:
RX + 2 Li -*■ R Li + Li X.
In p ractice  however, the number o f reagents made d ir e c t ly  by the
above method i s  r e la t iv e ly  small with the vast bulk o f the published
work in  th is  f i e ld  d ep en d irg in itia lly  on the preparation of n-butyl
or phenyllithium , and to  a le s s e r  extent methyl, e th y l and n-propyl-
lith ium , a l l  o f which may read ily  be prepared in  a high y ie ld . These
organolithium compounds are then reacted with a su itab le  startir^
m aterial to  y ie ld  the organolithium d erivative  actu a lly  required, e ith e r
by hydrogen-metal in terconversion  or m etalation  as may be represented:
R Li + R’H -► RfLi + RH.
or by halogen-metal interconversion  which may be represented:
R Li + R’X -► R’Li + RX.
These hydrogen-metal and halogen-metal interconversions g rea tly  increase
the range and u sefu ln ess o f organolithium compounds, s in ce  not only
are most organolithium compounds more conveniently prepared in  th is
way, but many which might not be formed a t a l l  by d irec t action  o f
lithium  with an i n i t i a l  hydrocarbon or h a lid e , may be formed in  th is
in ter
way by hydrogen-metal or halogen-m etal/conversion with one o f the 
more read ily  prepared organolithium compounds* Thus j*-hydroxyphenyl- 
lith ium  cannot be obtained by d irec t reaction  of ©^bromophenol with  
m eta llic  lith ium , but under su itab le  conditions *-bromophenol 
reacts  with n-butyllith ium  to give a high y ie ld  o f  the lith ium  s a l t  
o f o^hydroxyphenyllithium ^^.
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Where hydrogen-metal in terconversion  occurs, in  general lith ium  
w il l  attach i t s e l f  to  ths more n u cleop h ilic  ra d ica l. Thus 
9-flu o ren y llith iu m  is  formed in  eth er almost q u a n tita tiv e ly  from 
fluorene and e th y i l i th iu m ^ ^ . Where halogen-metal in terconversion  
occurs, again equilibrium  is  reached with the lith ium  attached to
the more e lec tro -n eg a tiv e  group. Thus «c-napthyllithium  is  formed in
1  ^ ( 78)95$ y ie ld  from <x.-bromophthalene and n- propyllithium  . I f  the
I
two ra d ica ls  R and R* are of approximately equal e lec tr o n e g a tiv ity ,
however, the y ie ld  o f Rf Li i s  o f the order o f ^0$, This i s  c lea r ly
demonstrated by examination o f the mixture obtained on treatin g
equimolecular q u a n tities  o f phenyllithium  with p-iodotoluene or o f
p -to ly lith iu m  with iodobenzene when approximately equal q u a n tities
o f  the four substances phenyllithium , p-iodotoluene, j)-to ly lith iu m
( 79)
and iodobenzene are obtained in e ith e r  case y .
The required organolithium compound having been prepared by 
one of the reactions outlined above, addition o f a fu rther reagent 
may g ive  a product d i f f i c u l t  to obtain by any other route. Thus 
d ir e c t carboxylation e ith er  by passing a stream of carbon dioxide 
gas through a so lu tio n  o f the organolithium compound or by pouring 
the so lu tio n  gradually on to so lid  carbon d ioxide, read ily  converts 
the organolithium compound to an organic acid . Addition of the  
organolithium compounds to  unsaturated molecules takes place read ily  
in  the majority o f  cases and reaction  i s  u su ally  complete. An 
a ltern a tiv e  route of reaction  of the organolithium compound involves
coupling with a fu rth er compound, such as an organic h a lid e , which 
may be simply represented:
RLi + R’X HR’ + LiX.
The products obtained on trea tin g  an organolithium compound
with an a lky l halide frequently in d icate  that the reaction  process
has not been sim ple, but that hydrogen-metal in terconversion , halogen-m etal
interconversion  and addition may proceed sim ultaneously. Thus the
reaction  o f ©7 ch loroan iso le  and phenyllithium  y ie ld s  o-methoxyphenyllithiumj
(80)chlorobenzene and 2-methoxy-diphenyl , ind icating that halogen-m etal 
in terconversion  and addition have both occurred. On the other hand, 
the reaction  of jv-bromoanisole and phenyllithium  y ie ld s  
jD-methoxyphenyllithium, chlorobenzene, 2-methoxy-4-bromophehyllithium  
and benzene, in d ica tin g  th at halogen-metal in terconversion  and ad d ition  
have occurred. In general, however, due care in  determ ination ©f
the most su itab le  so lven t and halide w il l  ensure that the required  
product i s  obtained in  good y ie ld  and with minimum contamination from 
a ltern a tiv e  reaction  processes of th e reactan ts. What i s  an 
undesirable side rea ction  in  one sy n th es is , becomes the required reaction  
route in  another, but by carefu l manipulation of conditions i t  i s  j
frequently  p ossib le  to  ensure control of the end product. j
t
The rea ction  o f phenyllithium  and m-dimethoxybenzene had
(8 l )  Ialready been studied by W ittig and Pockels and a y ie ld  o f pure
2 : 6-dimethoxybenzoic ac id  unoontaminated by 2:4-dimethoxybenzoio acid i
obtained on carbonation, ind icating  that only 2 : W imethoxy phenyl lithium
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and no 2:4-dimethoxyphenyllithrum was formed. A sim ila r  observation
w ith regard to  the reaction  ©f ri-butyllithium  and ifr-dimethoxybenzene 
(82)was made by Gilman who a lso  obtained only 2 :6-dimethoxybenzoic 
acid on carbonation, but in  higher y ie ld  than was claimed by W ittig  
place o f 14 /0 . On trea tin g  resorcin o l with n -butyllith ium , 
however, he obtained a mixture of 2 :6-dihydroxybenzoic acid and 2:4- 
dihydroxybenzoic acid on carbonation ind icating  th at 2 :6-dihydroxy- 
phenyllithium  and 2 :4-dihydroxyphenyllithium  both occurred as 
in term ediaries. The to ta l y ie ld  remained high, but the mixed nature 
o f  the product rendered the reaction  le s s  valuab le . The increase  
in  y ie ld  as compared with th at obtained by W ittig , Gilman ascribed to 
carbonation by spraying the aryl lithium  so lu tio n  on to  s o lid  carbon 
d iox id e , rather than by passing dry carbon d ioxide gas through the 
so lu tio n . I t  seemed more probable therefore, that a y ie ld  o f pure 
2: 6-dim ethoxy-5~alkylbenzoic acids would be afforded by the treatment 
o f 2:4-dimethoxyalkylbenzenes with n-butyllith ium  and carbonation  
o f the product, rather than that a y ie ld  of pure 2: 6-dihydroxy-3- a lk yl 
benzoic acids would be obtained by s im ilar  treatment o f 4 -a lk y l  
reso rc in o ls . In the la t t e r  method th e saving of the add ition al stages  
o f m ethylation and demethylation would be outweighed by the n ecess ity  
for fra ctio n a l c r y s ta ll is a t io n  te  separate the 2: 6-dihydroxy-3*-alkyl- 
benzoic acids from the 2 :4-dihydroxy-5-a lkylbenzoic  acids l ik e ly  
to  be formed sim ultaneously.
A supply of 4-m ethyl, 4 -e th y l, 4 -n -propyl, 4 -n -b u ty l, 4-n-amyl 
and 4-n-hexyl resorcin o ls  was therefore prepared and methylated t© 
g ive  the corresponding 2 :4-dimethoxyalkylbenzenes to be used as sta r tin g  
m ateria ls.
4-m ethylresorcinol was prepared by reduction of 2:4-dihydroxybenzalde-
hyde, which was i t s e l f  prepared by two m odifications of the method
©f G atterm ann^^. In the f i r s t  of t h e s e ^ ^  dry hydrogen cyanide
was absorbed in to  an ethereal so lu tio n  o f reso rc in o l, the so lu tio n
then saturated with dry hydrogen ch loride, and when the reaction
was com plete, the p recip ita ted  aldimine hydrochloride decomposed
with b o ilin g  water. I t  was found that great care had to be taken
to avoid too rapid inflow  of hydrogen ch lor id e , as there was always
a strong tendency for  formation o f a bright red compound, probably
as a r e su lt  o f condensation of 2:4-dihydroxybenzaldehyde with
unreacted reso rc in o l. In the second method, based on an analogous
(75)preparation o f Radha and Shah '  dry hydrogen chloride was passed 
slow ly through a constantly  stirred  suspension o f zinc cyanide in  
a so lu tion  o f resorcin o l in  ether, and when the reaction  was complete, 
the product again decomposed with warm w ater. The second method 
had the advantage of not requiring the use o f free  hydrogen cyanide 
g as, but the y ie ld s  obtained were somewhat lower. A s l ig h t ly  modified 
form of th is  method, g iv ing  y ie ld s  a fter  one r e c r y s ta llisa t io n  from 
hot water approximately equal in  weight and melting point to those 
obtained by the f i r s t  method, was however, developed and adopted as
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the m©st convenient method o f preparation o f 2:4-dihydroxybenzaldehyde. 
The reduction o f the 2 :4-dihydroxybenzaldehyde to 4-m ethyli»esorcinol
The red o i l  obtained was tw ice d i s t i l l e d  under reduced pressure,
w hitish  needles o f constant m elting point were obtained. This 
methyl resorcinol was methylated by dim ethylsulphate in  cau stic  soda 
so lu tio n  in the usual manner, to  give 2 :4-dimethoxytoluene as a pale  
yellow o i l .
2:4-dihydroxyacetophenone was prepared from resorcin o l by
condensation with g la c ia l  a c e tic  acid  in  presence o f anhydrous 
( 87)
zinc chloride and reduced to 2 :4 -dihydroxyathylbenzene by the
/ Q c\
method of Clemmensen • In the preparation o f 2 :4-dimethoxybenzene
( 88)from 2 :4-dihydroxyethylbenzene the method o f Skraup and Bohra
(89)did not prove sa tis fa c to r y , but the methods of Twiss 7 and of 
M authner^^ both gave high y ie ld s . I t  was found that d i s t i l la t io n  
o f 2:4-dihydroxyacetophenone under reduced pressure had to  be 
carried  out with care, since any undue passage of a ir  through the 
molten m aterial was l ik e ly  to induce irrev ersib le  polym erisation.
4-n-Propionyl, 4-n -bu tyryl, 4 - »-amylyl and 4-n -hexyly l 
reso rc in o ls  were prepared in  good y ie ld  by condensation of reso rcin o l 
with the appropriate fa tty  acid in  presence of anhydrous zinc  
ch lorid e , and reduced to  4-n-propyl, 4 -n -b u ty l, 4-n-amyl, and 4-n-hexyl
was carried out by a m odification o f  the Clenmensen method
then c r y s ta ll is e d  four times from 60- 80° petroleum ether, when
resorcin ol resp ec tiv e ly  by a m odification of the Olemmensen
The method o f Twiss^8^ , as used for  the m ethylation o f  4-m ethylresorcin© l, 
proved sa tis fa c to ry  for m ethylation to  the corresponding 2:4- 
dimethoxyalkylbenzenes, whose b o ilin g  points agreed to a large extent 
w ith those already found in  the l it e r a tu r e , Dimethylsulphate
(92 )with potassium carbonate in acetone as a medium for  m ethylation 7 
was a lso  employed with sa tis fa c to r y  r e su lts  when i t  was f e l t  necessary  
to  prepare a methylated product by a s l ig h t ly  d iffe re n t route in  
order to obtain corroborative evidence of i t s  purity .
Meanwhile an in v estig a tio n  was made into the conditions of 
reaction  most l ik e ly  to be favourable for the purpose o f preparing 
2: 6-dimethoxy-3-a lk y lben zoic  acids by carbonation of the corresponding 
2 :6-dimethoxy-3-alkylphenyllith ium  compounds. The preparation of 
2 : 6-dimethoxybenzoic acid by carbonation of 2: b-dimethoxyphenyllithium  
was se lec ted  as a su itab le  reaction  for  the purpose of the in v estig a tio n  
c h ie f ly  on the grounds of the ease of aceess o f the sta r tin g  m ateria l, 
and on the assumption that the optimum conditions for  the reaction  
with t h is  compound would not d if fe r  greatly  in  the case o f  the  
2 : 6-dimethoxy-3-a lkylbenzoic a c id s , or a t le a s t  would d if fe r  only 
q u a n tita tiv e ly  rather than q u a lita t iv e ly , so th at in  the e s s e n t ia l  
featu res o f choice o f solvent and of in i t i a l  organolithium compound, 
the conditions would remain id e n t ic a l. By comparison of the work 
of Gilrnan and W ittig , a s e t  o f conditions which might be expected  
to  induce a high y ie ld  from both n-butyllith ium  and phenyllithium  was 
drawn up. Lithium metal was reacted with a s l ig h t  excess o f n-butyl
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ch loride or bromobenzene in  d ie th y l ether as so lv en t, and reflu x in g  
©f the so lu tion  continued for  three hours * a f te r  the completion ©f 
addition  of the halide* m-dimethoxybenzene was then added to th e  
cooled so lu tio n  o f 2 : 6-dimethoxvphenyllithium , and the so lu tio n  
s t ir r e d  for one hour, then refluxed- for four hours* The so lu tio n  
was then cooled, dry carbon dioxide passed through for one hour, then 
the whole poured slow ly on to  so lid  carbon d iox ide. The amount o f  
n-dimethoxybenzene added-represented a s l ig h t  excess assuming a 
y ie ld  ©f n -b u iy lch lorid e, but i t  was found in  p ractice  th at a 
s l ig h t  excess of any of the reactants did not s ig n if ic a n t ly  a f fe c t  
th e  q u a lity  ©f the _product
A comparison was also  made of the r esu lts  obtained by using  
60- 80° petroleum ether in  place o f d ieth y l ether as so lven t while  
maintaining the other conditions of reaction  constant. Tucker and 
H h a lley ^ ^ ^ in v estig a tin g  the preparation of 9-flttorenecarboxylic  
acid by carbonation of 9-fluoren yllith ium jhad found th a t l i t t l e  ©r m> 
y ie ld  ©f 9“fXtaorenyl 1 ithium was obtained on trea tin g  fluorene with  
■ethyllith ium  in  d ieth y l eth er  , ©r with nybtxtyllithiua in  sulphur-free  
benzene* The low y ie ld  o f 9“Tluorenecarboxylic acid in  the la t t e r  
case was accompanied by low y ie ld s  ©f butane gas , in d icatin g  that 
l i t t l e  n-feutylliihium  had been formed, and th erefore that benzene 
was not a su ita b le  so lven t for  the preparation of n-buty11i thium•
The preparation of n-bu by 111 thium by reaction  o f n-buiyl ch loride  
an ) lithium  in 6?-6$* petroleum eth er  was however, e n tir e ly  su ccessfu l 
and treatm ent o f  fluorene with the product gave sa tis fa c to ry  y ie ld s
o f 9-flu o ren y llith iu m  and hence, on carbonation, ©f 9“flu oren yl -
carboxylic acid* I t  was therefore f e l t  probable th&t the use o f
petroleum ether as so lvent for the reaction  of 11-b u ty l chloride
and lith ium , and fo r  the reaction  o f the r esu ltirg  n-butyllith ium
with m-dimethoxybenzene, might afford good r e s u lt s , so that
petroleum ether was included in  the in v estig a tio n  as an a ltern a tiv e
so lv en t. I t  was confirmed that commercial 60-80° petroleum ether
p u rified  by ex traction  with concentrated sulphuric ac id  and with
a potassium permanganate so lu tion  in  10$ sulphuric ac id , and
dried over calcium hydride, b o iled  almost e n tir e ly  w ithin the range
o f 65- 69°, so that th is  fraction  only was in  fa c t used in  a l l
experiments in  order to increase the uniformity of the conditions*
In a l l  in i t i a l  experiments, the lith ium  metal used was
prepared by forcing scraped lith ium  through a sodium p ress, so
(94)th at i t  was obtained as fin e  wire '  or by hammering p ieces
of the metfel kept m oist with toluene in to  th in  sh eets , and
(95)cu ttin g  the sheets in to  th in  s tr ip s  • The purpose of both 
these procedures was to obtain as large a surface of fresh , newly 
exposed lithium  metal as p o ss ib le , to ensure maximum r e a c t iv ity , 
but i t  was found that the y ie ld s  of 2: 6-dimethoxybenzoic acid  
obtained from m-dimethoxybenzene and jn-butyl lith ium  formed by 
the reaction  of n-butyl ch loride and lith ium  prepared by e ith er  
o f these methods tended to vary considerably. Since i t  was 
obviously important in  assessin g  the r e la t iv e  values of the methods 
tr ie d  to have in i t i a l l y  minimum variance from experiment to experiment 
these methods o f preparing the lithium  were discarded.
The use of lith ium  sand, or lith ium  powder, ©r atomised lith ium
as i t  has var iou sly  been c a lle d , as described by W oodw ard^ w as
then introduced and co n sisten t r e su lts  obtained. In th is  method
the scraped lith ium  metal i s  melted in  p u rified , dry liq u id
p araffin  and s t ir r e d  strongly in  a f la sk  f i t t e d  with a n ickel 
(97)Herschberg s t ir r e r  7 , the en tire  apparatus being swept by a
current o f dry nitrogen throughout. On cooling and washing with
d ie th y l ether or 6^-69° petroleum ether as required>fine lustrous
reactive  p a r tic le s  o f  lithium  are obtained. The method was
i n i t ia l l y  introduced as a means o f  preparing lith ium  reactive  enough
to  enable formatioh o f organolithium compounds from halid es such
as t^butyl ch loride in  which s te r ic  hindrance might render reaction
d i f f ic u l t ,  but the r e su lts  afforded were such as to make i t
apparent th at the greater consistency o f  reaction  resu ltin g  from
i t s  use would make i t  a p ro fita b le  method fo r  general application*
The ccurse of reaction  of n -butylch loride and lithium  was
followed by measuring the butyllith ium  formed by the method of
Gilman and Haubein^-^* The method is  s im ila r  in  princip le
(99)to  th at already ©utlinedby Z iegler and h is  associa ted  77 , both 
depending e s s e n t ia lly  on an i n i t i a l  t i t r a t io n  to estim ate the to ta l  
a lk a li present, followed by a second t i t r a t io n  a fter  treatment 
with a reagent to remove a l l  organolithium compound present. In 
Gilman’s method an a liq u ot is  removed, hydrolysed, and titr a te d  
with standard hydrochloric acid , thus determining the to ta l a lk a li
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present* The d ifferen ce  ®f the two t i t r e s  thus g iv e s  an 
accurate measure o f  the amount o f a lk y llith iu m  present* An 
in v estig a tio n  ©f the products formed on trea tin g  n-butyllith ium  
with benzyl ch loride in d ica tes th at the follow ing equations 
may represent th e  reactions which occur:
n-C4H9Li + C6i y  CH2C1 C ^ .  + LiCl
n-C^H^Li + CH2C1 —  G^Hy CH2 Li + n-C4H Cl
n-C^H^Li + n-C^H^Cl n - C ^ .n  C ^  + LiCl
CgHy  CH2Li + CgH .^C3|GI-*-C£H CHg. CH^H,. + LiCl
I t  w il l  be seen  th at in  th is  case halogen-m etal interconversion
and addition  reactions are occurring sim ultaneously, the reaction
being complete w ith in  one minute* The method i s  not, however, .
app licab le to ary llith iu m  compounds, so that assessment o f  the
phenyllithium  formed was le s s  accurate, being merely a measure
o f the to t a l  a lk a li present in  the hydrolysed so lu tion .
(99)The reaction  used by Z iegler in  removing the organolithium  
compound formed to permit a t i t r e  of the non-organ©lithium a lk a li 
present i s  a lso  of in te r e s t . In th is  method the second a liquot  
i s  treated  with excess n-butyl bromide and dibenzyl mercury before 
hydrolysis* The reactions occurring may be represented by the 
follow ing equations:
(CgHy3H2) 2Hg + 2 n-C4H9 Li -* 2 CgH?. GH£ Li f C n - C ^ ^  Hg
CgHg, CHgLi + n-C^H-Br — *- CgH .^ CHg.n-C^ LiBr
(n-C4H9) 2 Hg + 2 n-C4Hg Br — 2 n - C ^ .  n - C ^  + HgBr2
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I t  w i l l  be seen th at in  th is  case metal -  metal in tercon version , 
halogen-metal in terconversion , and addition reaction s occur.
The method i s ,  however, a lso  applicable to a lk y l organolithium  
compounds only, and is  rather le s s  convenient than the procedure 
o f Gilman, so that the la t t e r  method was used throughout in  a l l  
estim ations of n-butyllith ium  formed.
The r e su lts  obtained l e f t  no doubt th at the rea ction  o f  
n-butyl ch loride with lith ium  powder in  65- 69° petroleum ether  
as so lven t t© g ive n -butyllith ium , addition  of m-dimethoxybenzene 
to form 2:6-dimeth©xyphenyllithium, and carbonation by passage 
©f carbon dioxide then by pouring the mixture on to solid, carbon 
dioxide was the most sa t is fa c to r y  method of preparation of 2 :6- 
dimethoxybenzoic acid . With d ie th y l ether as solvent the y ie ld  
of 2 :6-dimethoxybenzoic acid  obtained was much le s s  steady (41-^0^ 
overa ll or 66-79$ unrecovered 2:4-dimethoxybenzene), and the 
t i t r a t io n  figu res in d ica te  a higher proportion of non-organolithium  
a lk a li present, p ossib ly  a t le a s t  partly  due to  lith ium  ethoxide  
formed by cleavage of the d ie th y l ether. With bremobenzene in  
place ©f n-butyl ch loride as reactant h a lid e , the y ie ld s  both 
of phenyllithium  and of 2 : 6-dimethoxybenzoic acid were rather 
low in  d ie th y l ether as so lv en t. Thus even ignoring the part of 
the t i t r e  taken by non-organolithium a lk a l i ,  the amount o f  
phenyllithium  formed was only 34- 43$ the in i t i a l  bremobenzene, 
while the 2 :6-dimethoxybenzoic acid was formed in  21-33$ y ie ld  
o v era ll, or 62- 69$ ca lcu lated  on the unrecovered m-dimethoxybenzene.
In 65-69$ petroleum ether, bromobenzene yielded only 2-8$
2:6-dimethoxybenzoic acid or 20-50$ calculated on unrecovered 
m-dimethoxybenzene,largely due to the very slight degree of 
formation of phenyllithium (7-20$). With n-butyl chloride 
in 65-69* petroleum ether, however, yields of 62-65$ 2:6- 
dimethoxybenzoic acid (75-77$ calculated on reacted m-dimethoxybenzene) 
were consistently attained. It was therefore decided to 
attempt the preparation of 2:6-dimethoxy-3-alkylbenzoic acid in 
the first instance under these conditions.
1
When thspethod was applied to 2:4~dimethoxyalkylbenzenes, 
however, somewhat lower yields were obtained in most cases.
2 :4-dimethoxyethylbenzehe afforded approximately the same yields 
as m-dimethoxybenzene with formation of 53”65$ 2:6-dimethoxy-3- 
ethylbenzoic acid, overall, or 80-85 $ calculated on unrecovered 
2:4-dimethoxyethylbenzene, but the yields obtained fell 
progressively as the length of the alkyl side chain increased, 
until from 2:4-dimethoxy-n-hexylbenzene only 17-20$ 2:6-dimethoxy-3~ 
n-hexylbenzoic acid, or 35”39$ calculated on unrecovered 2:4- 
dimethoxy-n-hexylbenzene,was obtained. A regretable accompaniement
to this fall in yield was the rather lower recoveries of unreacted 
2:4-dimethoxy-alkylbenzenes achieved in most cases. The yield 
obtained from 2 :4-dimethoxymethylbenzene (2:4-dimethoxytoluene) 
was also rather surprisingly significantly lower than that from 
either ra-dimethoxybenzene or 2:4-dimethoxyethylbenzene. Thus
2:4-dimethoxytoluene afforded y ie ld s  o f 20- 26$ o v era ll or 33“37$ 
ca lcu la ted  on the unreacted 2:4-dim ethoxytoluene. The fa ilu re
to  recover a higher proportion of unreacted m aterial may have been 
accounted for  to  some extent by th e  crudeness o f the acid products 
i n i t i a l l y  obtained on evaporation o f th e ir  ethereal so lu tio n s .
The crude acids from 2:4-dim ethoxytoluene, 2 :4-dimethoxy-rv-propylbenzerie, 
2:4-dimethoxy-jn-butylbenzene, 2:4-dimethoxy-n-amylbenzene and 
2 :4-dimethoxy-n-hexylbenzene were a l l  obtained in  the f i r s t  
instance as th ick  red o i l s  which s o lid if ie d  over a period varying  
from severa l days to several weeks, and were then pressed on 
porous p late  and dried in  vacuo. Sharp m elting products were then 
obtained by r e c r y s ta llisa t io n  from a mixture ©f benzene and 65- 69° 
petroleum ether, but th^ m aterial lo s s  before th e  red o i l  was 
p u rified  to co lo u r less  c ry sta ls  was not inconsiderable. With 
each reaction  of 2:4-dimethoxyalkylbenzene with n-butyllith ium , 
a p a ra lle l reaction  with m-dimethoxybenzene was carried  through in  
order to check the continued consistency and purity of the reagents 
used, but fa ir ly  constant y ie ld s  ©f 2 :6-dimethoxybenzoic acid  were 
obtained throughout.
In the de-nethylation of 2 :6-dim ethoxy-3-alkylbenzoic acids  
to  2 :6-dihydroxy-3-alkylbenzoic a c id s . in  benzene so lu tio n  in  
presence ©f powdered anhydrous aluminium chloride under the same 
conditions, as those found sa tis fa c to ry  for the dem ethylation of 
2 :6-dimethoxybenzoic acid  to 2 :6-dihydroxybenzoic ac id , sim ilar
findings prevailed. Thus with 2:6-diraethoxy-3-ethylbenzoic acid a
91$ yield of fairly sharp melting acid, melting without further purification
(72)
only a few degrees lower than the melting point given in the literature '
was r e a d i l y  obtained, but from 2:6 - d i  met hoxy-3*-ri-hexy lbenzoic acid
even on increasir^g the reaction time, a yield of only 13$ 2:6-
dihydroxy-3-n-hexylbenzoic acid was obtained. It is probable
that in this case sterio hindrance constitutes the chief difficulty.
( 7 3 )
Thus Sprenger and Rouff y in attempting to methylate the
analogous 2:4-dihyIroxy-^-ethylbenzoie acid, found that even with
a large excess of dimethylsulphate in alkaline solution and
prolonged boiling, only 2-hydroxy-4-methoxy-3-ethylbenzoic acid
and no 2:4-dimethoxy-3”ethylbenzoic acid could be obtained.
It is probable, however, that in spite of these difficulties this
method still constitutes a suitable and practicable route for the
laboratory preparation of these 2:b-dihydroxy-3-alkylbenzoic acids.
Thus the yield previously claimed of 2:6-dimethoxy-3”methylbenzoic
acid from resorcinol " is around 3~.5$ and this figure has not
in'practice been increased beyond 10$, but 2:6-dimethoxy-3-methylbenzoic
acid was prepared from resorcinol by the above method in shorter time and
in fewer stages in 2*5-30f° yield.
The orientation of the acids obtained was confirmed by
the synthesis by a more unequivocal route of the methyl and ethyl
horaologues as outlined in Fig. VI. It will be appreciated that in a
( 51}
preparation by the route of Limaye ^ if a 4-methyl-6-alkyl-7- 
acetoxycoumarin is formed rather than 4-methyl-7-acetoxycoumarin
as from reso rc in o l, there is  a g rea tly  increased prob ab ility  ©f
rearrangement s o le ly  to  the 8 -p e s it io n , and therefore only 2:6-
dihydroxy-3- alkylacetophenone can r e su lt . 2 :6-dihydroxy-3“m©thyl-
acetophenone and 2 :6-dihydroxy-3“s thylacetophenone were therefore
prepared by thejmethod of L im aye^^ from 4-methyl and 4 -e th y l
resorcin o l r e sp ec tiv e ly . The a lk y l resorcin o l in  each case
was condensed with a cetoacetic  e s ter  in  presence of phosphoric acid ,
the coumarin obtained acety lated , subjected to rearrangement in
presence ©f anhydrous aluminium chloride and the resu ltin g
4-m ethyl-6-alkyl-7-hydroxy-B-acetylcouraarin hydrolysed to g ive  the
corresponding acetophenone. This was methylated, then oxid ised
by sodium hypo-chlorite so lu tion  by a procedure resu ltin g  in  a 7.5$
y ie ld  of 2:6-dimethoxy-3-methylbenzoic acid from 2 :6-dimethoxy-3~
methylacetophenone, and a 70$ y ie ld  o f 2 :6-dimethoxy-3*-ethylbenzoic
acid from 2 :6-dim ethoxy-3-ethylacetophenone, which represented an
(75)appreciable improvement on the method o f  Sprenger and Ruoff y who
obtained a ^0$ y ie ld  o f 2 :6-dimethoxy-3-methylbenzoic acid  from
2 :6 -dimethoxy-3-niethylacetophenone. Most o f the interm ediate
products obtained in  the course ©f th is  confirmatory syn th esis had
already been c h a r a c t e r i s e d ^ ^ ' 74,100) a n ^  ^ Q r  sim ila r
m elting points were found tie these already given in  the lite r a tu r e .
The preparation of 2:6-dihydroxy-3-n-hexylacetophenone by the 
(51)method o f Limaye x was however, u n su ccessfu l. By varying the 
q u an tities  o f reagents and increasing the time of reaction
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Preparation o f 2 :6-d ihydroxy-3~alkylbenzoic acids*
7-hydroxy-4-methyl-6-n-hexylcQumarin was obtained in  a y ie ld  
showing some improvement over th at claimed for 7-hydr©xy-4:6- 
dim ethylcoum arin^^. 7-acetoxy-4-methyl-6-n-hexylc©umarin was
then obtained by a cety la tio n  without d if f ic u lt y ,  but n© pure 
c r y s ta llin e  m aterial could be separated from the viscous mass 
obtained when the a cety l d er iva tive  was rearranged in  presence o f  
anhydrous aluminium ch loride. Nor could any pure sharp m elting  
product be obtained from the product of a lk a lin e  hydrolysis ©f 
th is  crude rearranged m aterial. The explanation ©f th is  tard in ess  
©f rearrangement probably again l i e s  in  s te r ic  considerations, 
but the confirm ation of the forrwdae ©f the two lower members of 
the ser ie s  may probably be regarded as s u ff ic ie n t  evidence to  
e s ta b lish  the configu ration  ©f the whole s e r ie s .
Some further confirm ation of the orien ta tion  o f the organ©lithium 
compound was given by the preparation o f 2 :6-dimethoxy-^-m*thyl- 
acetop h en on e^ ^ , and 2:6-dimethoxy-3~ethylacetophene from the 
corresponding ©rganolithium compounds. 2:6-dimethoxy-3-methyl- 
phenyllithium  and 2 :6-dimethoxy-3”©thylphenyllithium were formed 
under la rg e ly  the same conditions as in  the previous experiments 
by reaction  o f ri-butyl chloride and lithium  powder to g ive n-butyl- 
lith ium  in  d ie th y l ether so lu tio n . The 2 t 6-dim ethoxy-5-alkyl- 
lithiura compound having been obtained as before, i t  was treated  
with excess a cety l ch loride instead of being subjected to d ir e c t  
carbonation by carbon dioxide, when a fter  long refluxing the acety l
d er iv a tiv es  were formed. These were id e n t ic a l with the preduct
obtained on methyl ation o f the 2: 6-dihydroxy-3-alkylacetophen®nes
(51)prepared by the route ©f LimayeNy , and on exidation  with  
sodium hypochlorite so lu tio n  also yielded the corresponding 
2:6-dihydroxy-3-alkylbenzoic acid s. The p o s it io n  of metal&tien  
in  th ese 2:4-dimethoxyalkylbenzenes is  thus further confirmed. An 
in tere st in g  featu re o f these experiments, and of sim ilar in i t i a l  
experiments using m-dimethoxybenzene as startin g  m ateria l, was th at  
although the reaction  of the organolithium compound with acety l 
chloride took p lace slowly in  d ie th y l ether, as compared with the 
rate of in d irec t carbonation, it.occu rred  not a l l  in  63- 69* petroleum  
ether . In repeated experiments using n-butyllith ium  and m-dimethoxy- 
benzene in  65- 69* petroleum ether and reacting with acety l ch loride  
n® 2 :6-dimethoxyacetophenone was obtained. In d ieth y l ether  
however, the products were obtained in  fa ir ly  pure s ta te  in  60- 63$ 
y ie ld  a fte r  twenty four hours reflu x in g .
The same p o s itio n  obtained with regard to the reaction  of 
2: 6- dimethoxyphenyllithium with methyl iodide and ethyl iodide.
2: 6- dimethoxy phenyl lithium  prepared by the reaction  o f n-butyllith ium  
from jn-butyl ch loride and lithium  powder with m-dimeth©xybenzene 
in  63- 69* petroleum ether did not appear to react at a l l  with methyl 
iodide ©r e th y l iod id e , even ©n twenty four hours refluxing and 
twenty one days at room temperature to  give 2J 6- dime thoxy toluene 
©r 2 :6-dim ethoxyethyl benzene. The startin g  m aterial was recovered
unchanged in  each ca se . In d ie th y l ether, however, under the 
same con d ition s, the y ie ld s  e f  2:6-dimethoxyt©luene and 2 : 6-  
dimethexyethylbenzene were 45-5.5$ pure m aterial agreeing in  
m elting point with the published f i g u r e s ^ ^ * ^ ^ . Oxidation  
©f the 2 :6-dimethoxytoluene by aqueous potassium permanganate 
yie ld ed  2: 6-dimethoxybenzoic acid .
The reaction  was not attempted w ith any o f  the 2:4-dim ethexy-3“ 
alkylfeenzenes prepared sin ce  i t  was not f e l t  that any fu rther  
confirm ation of molecular structure would be obtained thereby, but 
i t  i s  thought that the method w il l  provide a ready means of  
preparation o f 2-a lk y lreso rc in o ls  and 2 : 6-dimethoxyalky.lbenzenes 
gen era lly , s in ce  these are not usually  availab le except by 
rather in d irec t routes such as the Limaye method as applied by 
Adams and h is  associates^  . The high price of lith ium  a t the 
moment may lim it i t s  u sefu ln ess in  large sca le  work, but for  
laboratory sca le  preparation i t  is  suggested that the ease of 
formation o f 2: 6-dimethoxyphenyllithium in  the pure s ta te  
uncontaminated by isomers i s  a most u sefu l featu re. The fa c t  
th at the ©rganolithium compound so formed w il l  react with a lk y l 
h a lid e , acyl halide or carbon dioxide makes the reaction  of wide 
ap p lica tion . The m etalation o f methylated reso rc in o ls  in  the 
2-p ostion  to the exclu sion  o f  the 4 -p o sit io n , has beer^confirmed,
i
and the u t i l i t y  o f the observation is  s tr e sse d .
With a view to considering p ossib le  a ltern ate  routes for
preparation of 2:4-dimeth©xyalkylbenzenes, the reaction  e f
2 :4 -dimethoxyphenyllithium with a lk y l iod id es was b r ie f ly  studied*
(81)W ittig  had shown that 4-bromoresorcinol dimethyl ether  
( 2:4-dime thoxybromcbenzene) ©n treatment with phenyl lith ium , and 
carbonation o f the r esu ltin g  2:4-dim ethoxyphenyllithium , y ielded  
pure 2:4-dimethoxvbenzoic acid in  4$ yield* He had, however, 
found a lso  that the purity of the 2:4-dimethoxybromobenzene used 
was important, since a mixture of 2:4-dimethoxybromobenzene and 
4:6-dibrom oresorcinol dimethyl ether not only lowered the quantity 
o f the u ltim ate y ie ld  of 2: 4-dimethoxybenzoic acid , but a lso  served  
to  slow the reaction  rate very considerably. The most cer ta in  
method o f obtaining pure 2:4-dimethoxybromobenzene is  by the d ireot  
bromination of g e n tis ic  acid  in a ce tic  acid  as so lven t, 
decarboxylation ©f the r esu lt in g  ^-bromo-2 :4-dihydroxybenzoic 
acid and m ethvlation o f the p ro d u ct^ ^ ^ . A s im ila r ly  in d irect  
method o f obtaining 4 -iod oresorcin ol dimethyl ether (2:4-dim ethoxy- 
iodobenzene) which might be used as an a ltern a tiv e  reagent, depends 
on d irec t n itra tio n  o f resorcin ol with a n it r ic  acid -  sulphuric 
acid m ixture, to  g ive 4-nitr©  reso rcin o l, which i s  p u rified , 
methylated and the nitro-group reduced and d ia zo tised , when treatment 
with potassium iodide y ie ld s  2 :4-d im eth oxyiod oben zen e^ ^ \ However, 
d irec t bromination o f resorcin ol dimethyl ether with N-bromosucoinimide 
had been found by Z ieg ler  and his a s s o c ia te s ^ ^ ^  to  g ive a
sa tis fa c to r y  y ie ld  ©f 2:4-dimethoxybromebenzene and th is  finding  
was confirmed. This use o f N-broaosuccinimide has s in ce  been 
feund applicable for monobromination ©f a wide range ©f compounds^ 
and u su a lly  provides a more complete reaction  than N-bremoacetaaide^.^^  
The reagent i t s e l f  was read ily  prepared by d irect bromination of 
an a lk a lin e  so lu tio n  of N-bromosuccinimide in  70-73$ y ie ld . On 
bromination ©f m-dimethoxybenzene y ie ld s  ©f 35-^ 3% ©f © yellow ©il 
b o ilin g  ever a few degrees rarge are obtained, which ©n further  
p u r if ica tio n  y ie ld s  of  pure 2J4-dimethoxybromobenzene.
Since i t  was found that the y ie ld  of 2 :4 -dimethoxybenzoic 
acid obtained ©n carbonation of the product from the reaction  of 
2 :4 -dimethoxybromcbenzene in  d ie th y l ether with n-butyllith ium  
was higher ( 62$) than th at obtained by carbonation of the product 
obtained by trea tin g  2:4-diraethoxybrcmobenzene in  d ie th y l ether  
with phenyllithium  (34$), the former conditions were adopted 
fo r  the attempted preparation o f 2:4-dim ethoxyalkylbenzenes. With 
methyl iod id e, b o ilin g  in  ether fo r  twenty four hours, followed by 
fourteen days a t room temperature, resu lted  in  a 30$ y ie ld  of 
2 :4 -dimethoxytoluene. With add ition  o f ethyl iodide under the
same conditions, a 44$ y ie ld  of 2:4-dimethoxyethylbenzene was 
obtai ned.
While i t  i s  not suggested th at these y ie ld s  are s u f f ic ie n t ly  
high t© warrant general preparation of 2:4-dimethoxyalkylbenzenes 
by th is  method, i t  i s  possib le  th at the optimum conditions have not
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yet been determined. I t  i s  a lso  p ossib le  th at the method may lend  
i t s e l f  to the preparation ©f some o f the 2:4-dimethoxyalkylbenzenes 
not so rea d ily  availab le  by condensation o f a fa t ty  acid  with  
resorcin o l in  presence of anhydrous zinc ch lorid e. Furthermore, 
the rather u n sa tisfactory  preparation o f 2 :4-dimethoxytoluene 
to  which a llu s io n  has already been made, may w ell be d isp laced  
by th is  more ready and convenient method which la rg e ly  obviates  
the danger of condensation and high colour development inherent 
in  any method o f nuclear m ethylation dependent on the Gattermann 
condensation and reduction ©f the aldehyde obtained.
I t  is  hoped th at p h ysio log ica l and c l in ic a l  t r i a l s  of some 
o f the acids and other compounds prepared may reveal further signs  
of the properties sought in  a sa fe , r e lia b le  therapeutic agent 
for -rheumatic fever . A ltern ative ly , i t  may be that the new data 
acquired in  the course of t r ia l  w il l  be su ff ic ie n t  to ind icate  
some other feature necessary in  such a drug. In e ith e r  case, 
whether the sign s are o f d irect improvement in  the means o f therapy 
ava ila b le  or o f in d irec t in d ication  o f the c h a r a c te r is t ic s  which 
w ill  be required in  an improved drug, i t  i s  probable th at seme 
new in d ica tio n  ©f the mode o f  treatment of rheumatic fever  w il l  be 
provided*
Experimental.
2:4-dim cthoxytoluenc through 2:4-dihydroxybenzaldehyde.
I .  2:4-dihydroxybenzaldehyde: (a) Resorcinol (30 g. ) was
d isso lv ed  in  d ieth y l ether (130 m l.) in  a 300 ml. round bottomed
f la s k , which was then cooled to 3°» and a slow stream o f hydrogen
cyanide bubbled through. The hydrogen cyanide was generated by
reaction  of sulphuric acid (400 ml. of 33$) on potassium ferrocyanide
(200 g . ) ,  and was dried by passage through calcium chloride tubes
0maintained at 33*40 • When the increase in  weight of fla sk  and
contents showed a 3 excess of hydrogen cyanide (an increase
©f approximately 18.3 g*) the passage of hydrogen cyanide was
stepped, and a slow stream of dry hydrogen chloride su b stitu ted ,
0the so lu tio n  temperature being maintained at 3 • Slow passage 
of hydrogen chloride was continued for 2 h r s .,  by which time the 
so lu tio n  was saturated , then the reaction  mixture l e f t  overnight 
and decomposed with b o ilin g  water (200 m l.) and the mixture 
f i l t e r e d  hot. On coo lin g , cry sta ls  of 2:4-dinydroxybenzaldehyde 
m.p. 131-4° were obtained in  40-31 $ y ie ld  ca lcu lated  on the 
in i t i a l  weight of resorcin ol ( c f .  m.p. 133- 6d) ^ ’^ o
(b) Resorcinol (13 g . ,  O.I36 g.m .) was d isso lved  in  d ieth y l
ether (100 m l.) in  a 300 ml. round bottomed fla sk , and zinc 
cyanide (33 .1  g . ,  0.272 g.m .) added. Dry hydrogen chloride was 
then passed through the cooled so lu tio n  for 6 h r s . , with frequent
shaking. At the end ©f th is  period the ether was decanted 
©ff, water (200 m l.) added, and the mixture heated on the steam 
bath for 2 h r s .,  then f i l t e r e d  h ot, when c ry s ta ls  of 2:4- 
dihydroxybenzaldehyde m.p. 129-133 were obtained in  31*42 % y ie ld .
(o ) Resorcinol (25 g . 0.22? g.m .) was d isso lved  in  d ie th y l ether  
(100 m l.) ina ^00 ml. round bottomed fla sk , and zinc cyanide (33»4g»,
0 .440 g.m .) added. Dry hydrogen chloride was passed slow ly  
through the so lu tio n  maintained at 5° for  6 hrs. with frequent 
shaking. B oiling water (200 m l.) was then added, the mixture 
f i l t e r e d  hot, and the residue again taken up with b o ilin g  water 
(100 m l.) and again f i l t e r e d  hot. The combined y ie ld  of 2:4- 
dihydroxybenzaldehyde from the two aqueous ex tracts  was 38-47$ ©f 
cr y s ta ls  m.p. 130- 133°*
A pure specimen of 2:4-dihydroxybenzaldehyde was obtained 
by refluxing the above m aterial three times with water, with 
activated  charcoal added, as pale cream needles m.p. 134-3 . A 
specimen o f the d iaceta te  prepared by heating 2 :4-dihydroxybenzaldehyde 
( l  g .)  with sodium acetate ( l  g . ) in  a cetic  anhydride ( 3 ml*) 
had m.p. 68- 9* ( c f .
A comparison o f the y ie ld s  obtained by the various procedures 
i s  given in  Table X III.
Table XIII.
2:4-Dihydroxybenzaldehyde from reso rc in o l
Method m.p. o f  
product as 
obtained  
from hot 
water
Weight of 
2:4-dihydroxy 
benzaldehyde
$ y ie ld  ca lcu la ted  
on i n i t i a l  weight 
of reso rc in o l.
as given by 
Johnson and 
Lane
(method a)
(a) I 3I - I 340
(b) 150-134°
(c ) 131-135
2% b g .  
2 7 .6g. 
32. lg .
40 .5
44.1
51.2
as given by
Radha and 
Shah
(method b)
(a) 130- 15}®
(b) 129-133® 
( 0 ) I 3O-I330
5* 3s- 
4 .7 g *i 
6*3g*
(a) 130- 133°
(b) X31-134°
(c ) 130-134
3.5.3
31.4
42.0
as given  
above 
(method c)
9 ' ? g -
12. 0g.
n.3g.
38.0
47.1
45 .2
I I .  2 :4-dihydroxytoluene: 2:4-dihydroxybenzaldehyde ( 6g .)  
d isso lv ed  in  eth y l a lcohol (35 m l.) was added gradually over 1 hr. 
to  a mixture of zinc amalgam prepared from zinc turnings (60 &•) 
by treatment with mercuric chloride (6 g . ) and hydrochloric 
acid (120 ml. o f 10$) heated on a steam bath under reflux  
con d ition s. Ethyl alcohol (25 m l.) and concentrated hydrochloric 
acid (25 m l.) were then added, and heating continued for a further 
2 h r s . . A fter coo ling , the reaction  mixture was extracted with 
d ieth y l e th er , arri from the ethereal extract dried over anhydrous 
sodium sulphate 2:4 -di hydroxy toluene obtained as a red o i l  which
was twice r e d is t i l le d  under reduced pressure (b .p . 120- 125^/2 .5  mm. 
in  the f i r s t  d i s t i l la t io n ,  then 125-125 at 2*5 nan. in  the second
d is t i l la t io n ) *  The pale yellow  o i l  thus obtained seen  s o l id i f ie d
/* 0and was poured on to porous p late  and r e c r y s ta llis e d  from 60-80 
petroleum ether to g ive pale yellow c r y s ta ls  (2* 5 g . ,  46-55$) 
m.p* lO^-?6* Three more r e c r y s ta llisa t io n s  from 60-80° petroleum  
ether did not a lte r  t h is  m elting poin t. The melting point given  
in  the l i t e r a t u r e ^ ^  i s  105-4°.
I I I .  2:4-dim ethoxytoluene: 2:4-dihydroxytoluene (1 2 .4 g .,  0 .1  g.m .)
was d isso lved  in  sodium hydroxide so lu tio n  (100 ml. o f 20$) and 
dim ethylsulphate (40 m l., 53g* * 0*4-2 g.m .) added over 1 hr. with  
constant s t ir r in g . The s tir r in g  was continued for a fu rther hour, 
then the mixture refluxed fo r  2 h r s .,  cooled , and extracted w ith  
d ieth y l e th er . The 2 :4-dimethoxytoluene was obtained from th is  
ether ex tra ct a fte r  two d is t i l la t io n s  as a pale yellow  o i l  (10 .7  g . ,  
70$) b .p . 127® at 50 mm. ( c f .  211° / 76o ) .
The o v era ll y ie ld  o f pure 2:4-dimethoxytoluene from resorcin o l 
was thus 1 2 -1 $ .
2 :4-dimethoxvethylbenzene through 2:4-dihydroxyacetophenone.
( 87 )I .  2:4-dihydroxyacetophenone : Resorcinol (110 g . , 1 g.m*)
was added to  a w ell s t ir re d  so lu tio n  o f anhydrous zinc chloride  
( l 65> g . ,  1 .2  g.m.) in  g la c ia l  a cetic  acid (165 g . ,  2.7 g.m .) at 
140° and the so lu tion  maintained ju s t  a t b o ilin g  point (about l 6o°) 
for 1 hr. On d ilu tin g  with hydrochloric acid  (500 ml. o f 50$)
and cooling to  5°> a p rec ip ita te  ©f dark red, crude 2:4-  
dihydroxyacetophenone was obtained. On purifying by d i s t i l l in g  
tw ice under reduced p ressure, a pale tan powder ( 9O-95 g . ,  59-65 $) 
m.p. 145-144° was obtained in  most experim ents<(cf. m.p. 142-144°)^
In two d is t i l la t io n s  in  which “bumping” prolonged the period o f  
heating in  presence o f a ir ,  almost a l l  the m aterial polymerised t© 
a th ick , n o n -v o la tile  mass.
I I .  2:4-dihydroxyethylbenzene: 2:4-dihydroxyacetophenone (50 g . ) 
was heated with amalgamated zinc (200 g .)  and hydrochloric acid  
(600 m l.}©f 55$) u n t il  the reaction  se t  in  strongly . Thereafter 
heating was applied to  maintain the mixture ju st  at b o ilin g  point 
fo r  5 h rs. The mixture was then saturated with sodium chloride  
and extracted  with d ie th y l ether, from which extract a pale yellew  
pewder y ie ld i ig  on r e c r y s ta ll isa t io n  from chloroform co lou rless
prisms (57*8 -  41 g . ,  85-89 $) m.p. 9^“99° was obtained , ( c f .  98- 99°)^110 \
III.2:4-dim ethoxyethylbenzene: (a) 4 -eth y lresorc in o l (6 g . ,  0.045g.m]
was d isso lved  in  sodium hydroxide so lu tio n  (17 ml. o f 10$) and
trea ted  over 1 hr. with dimethyl sulphate (20 g . , 0 . l 6 g .m .).
The s t ir r in g  was continued for a further hour, then the mixture 
refluxed for 2 h r s .,  when a d ieth yl ether extract y ie ld ed  only
0 .5  g. (7$) pure 2:4-dimethoxyethylbenzene.
(b) ^°f# 8^ 4-e th y lre so rc in o l ( 15*8 g . ,  0 .1  g.m .) was d isso lved  in  
sodium hydroxide so lu tio n  (100 ml. o f 20$) and dimethyl sulphate
(53 £•* 0.429 g.m .) added ever 1 hr. w ith constant mechanic Ait 
s t ir r in g . The s t ir r in g  was continued for  1 hr. more, then the
mixture refluxed fo r  2 h r s . ,  cooled and extracted  with d ie th y l ether.
dried
From the d ie th y l ether ex tra ct/o v er  anhydrous sodium sulphate 2:4-
dimethoxyethylbenzene was obtained a fter  two r e d is t i l la t io n s  under
reduced pressure in  61- 65$ y ie ld  (10 .1  -  10.8 g . ) b .p . 110-111e/ l l p n , '
(c )  4 -e th y lreso rc in o l (15*® g*» 0*1 g.m .) was d isso lved
in  sodium hydroxide so lu tio n  (95 ml. l6$) and dimethyl sulphate
(22 .7  g . ,  0 .18 g.m.) added over 50 mins. with s t ir r in g  and
coolin g  s© th at the temperature remained between JO and 53°* Then
further dimethyl sulphate (22.7 g . , 0.18 g.m .) was added over
20 mins. w ith s t ir r in g  as before,and the temperature maintained
between 40 and 45°. The mixture was then refluxed for  20 h r s .,
cooled, and extracted with ether when 2 :4-dimethoxyethylbenzene
(10 .5  -  11*0 g . , 65$) b .p . 1 1 0 - l l l 7 l l  mm. was obtained.
The overa ll y ie ld  of 2:4-dim ethoxyethyl benzene from resorcin ol
was thus 51"37 $ excepting, of course, when methylation was
( 88)carried out by method (a) which was not repeated.
2:4- dimethoxy-n-prepyl, n-b u ty l, n -amyl and n-hexylbenzenes through 
the corresponding 4 -a cy lresorcin o ls:
I # 4 -acy lresorcin o l: Resorcinol (55 §•» ^*5 £*m#) was Added over
50 mins. t© a so lu tio n  ©f anhydrous zinc chloride (72 .5  g . ,  O.55 g.m .) 
in  the appropriate fa t ty  acid ( 1 .5 g .)  at 125- 155° with constant 
mechanical s t ir r in g  throughout the add ition . The temperature was
maintained, and s t ir r in g  continued, for a fu rther 2 hrs*, when 
the mixture was cooled, d ilu ted  with water ( l  L .), s t ir r e d , and 
f i l t e r e d .  The residue was washed with d ie th y l ether and the 
f i l t r a t e  extracted with the d ie th y l ether, from which combined 
ethereal so lu tio n  the appropriate acyl resorcin o l was obtained, 
and p u rified  by d is t i l la t io n  under reduced pressure.
I I .  4 -a lk y lreso rc in o l: The 4 -acy lresorcin o l (0 .25  g.m*) was
added to amalgamated zinc (150 g . ) in  hydrochloric acid  (59®
The mixture was refluxed and s tir re d  for 12 h r s ., then cooled and 
extracted  with d ie th y l ether, the ethereal so lu tion  w ell washed 
with water and dried over anhydrous sodium sulphate, when the 
4-a lk y lreso rc in o l was obtained and pu rified  by d is t i l la t io n  
under reduced pressure.
I I I .  2:4-dimethoxyalkylbenzene; (a)^C^ * The 4 -a lk y lreso rc in o l
(0 .5  g.m .) was d issolved  in  sodium hydroxide solution(500 ml. e f  20$) 
and dim ethylsulphate (265 g . , k2.1 g.m.) added ever 5® mins. with 
constant mechanical s t ir r in g  throughout the add ition , the
s t ir r in g  continued for  a further JO m ins., then the mixture refluxed  
for  2 h r s . , ceeled  and extracted  with d ie th y l ether. From the 
ether ex tract the 2:4-dimethoxyalkylbenzene was obtained as a pale  
yellow  o i l ,  and p u rified  by r e d is t i l la t io n .
(b ) (c f * 92) Th(. 4 -a lk y lreso rc in o l (5 g .)  was d isso lved  in  dry acetone 
(200 m l.) and anhydrous potassium carbonate (10 g . ) and dimethyl 
sulphate (10 g . ) added. The mixture was refluxed for  8 h r s .,  then
the acetone d i s t i l l e d  o f f ,  water (200 m l.) and d ie th y l ether  
(200 m l.) added,and the mixture w ell s t ir r e d  and f i l t e r e d . Fr©m 
the ethereal so lu tio n  a fte r  washing with sodium hydroxide so lu tio n  
( 10$) and w ater, pure 2:4-dimethoxyalkylbenzene was obtained.
In Table XIV are ind icated  the approximate y ie ld s  obtained  
by the above methods, the products in  each case being p u rified  by 
at le a s t  one vacuum distillatiorii-to  the degree o f  purity ind icated  
by the m elting point or b o ilin g  point g iven . The second method of 
m ethylation was used only as a means ©f v er ify in g  the purity  o f the 
f in a l products but y ie ld s  of areund 80$ were c o n s isten tly  a tta in ed .
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2: 6-dimethoxybenzoic acid through 2: 6-dimethoxyphcnyllithiuBU
The conditions applied throughout the in i t i a l  in v e stig a tio n , 
apart from some early  rather u n sa tisfactory  experiments using  
pressed lithium  wire ®r hammer lithium  sheet were as fo llow s:
(a) Using 60-p0C petroleum ether as so lven t and n-butyl ch loride  
as reactant halide:
I .  Lithium p o w d e r : L i q u i d  p araffin  (B .P .) was p u rified  by 
shaking three times with approximately one quarter o f  i t s  volume of  
concentrated sulphuric ac i£ ,th en  by shaking three times with one 
quarter i t s  volume o f 0 .5  N sodium bicarbonate, and three times 
with an equal volume of water. I t  was then dried, f i r s t  over 
quicklime at 200° , then over m eta llic  sodium at 200° with 
mechanical s t ir r in g  in  the la t te r  case. Finally^: i t  was 
d is t i l l e d  from sodium under reduced pressure, and the fra c tio n , 
b o ilin g  at 190- 200* at 2 mm* collected*
60- 8O® petroleum ether was p u rified  by shaking three times 
with approximately one f i f t h  of i t s  volume o f concentrated sulphuric 
acid , and three times with one f i f t h  of i t s  volume of potassium  
permanganate so lu tio n  (5$ in  10$ sulphuric acid ) and three tim es 
with an equal volume of water. I t  was dried f i r s t  over quicklim e, 
then by refluxing  over sodium m etal. F in a lly , i t  was d i s t i l l e d  
from sodium and the major fraction  b o ilin g  a t 6^-69* co llected *
The p u rified  p araffin  (150 m l.) was introduced in to  a dry 
1 L round bottomed, three necked fla sk  f i t t e d  with dropping funnel, 
reflu x  ccndenser, Herschberg n ick e l wire s t ir r e r  with mercury s e a l ,  
and gas in le t  and o u tle t with mercury trap. Nitrogen, with  
oxygen removed by bubbling through fresh  a lk a lin e  p yrogallo l and 
dried by bubbling through concentrated sulphuric acid and passage 
over potassium hydroxide p e l le t s  and phosphorous pentoxide, was 
passed through the apparatus for  15 mins. to  d isp lace  a l l  a ir  and 
water vapour from the system, then lithium  metal (5g*iO.43 g .m .)> 
fresh ly  scraped under p araffin , introduced and the temperature o f  
the mixture ra ised  to 250° with a slow stream of nitrogen m aintained. 
The s t ir r e r  was then started  and the lithium  quickly whipped in to  
very fin e  shining p a r t ic le s . To prevent any p ossib le  
recoagulation o f the p a r t ic le s , s tir r in g  was continued while the 
mixture was allowed to  cool to  room temperature. P u rified  dry 
69- 69° petroleum ether (about 150 m l.) was then introduced through 
the dropping funnel and the mixture w ell s t ir r e d . The p a ra ffin - 
petroleum ether mixture was then drawn o f f  under s lig h t  negative  
pressure through a tube with a g la ss  wool plug which prevented 
the withdrawal o f  any of the lith ium  powder. The f la sk  was 
washed out tw ice more with petroleum ether (lj?0 m l.) by which 
time the p ara ffin  was almost com pletely removed, and the lith ium  
p a r tic le s  were l e f t  in  a f in e ly  divided s ta te  covered by petroleum  
ether (*>0 m l.)
II* r>-butyllithium: A so lu tio n  o f n-butyl ch loride (2 0 .4  g . ,  0*22 g.m.
in  69- 69° petroleum ether (1^0 m l.) was then slow ly added with  
mechanical s t ir r in g , u n t i l  the reaction  began, and the rate of
addition adjusted to  maintain a gen tle  reflux in g  o f the so lv en t.
Slow passage of dry nitrogen was continued, throughout the experiment. 
When the la s t  o f  the reagent was added (about JO m ins.) heating  
was applied , and th e so lu tio n  refluxed for a further J hrs.
At the end o f  th is  period petroleum ether was added u n t il  
the mixture reached a 290 ml. mark on the s id e  o f the f la sk ,th e  
whole w ell s t ir r e d , then allowed to  s e t t l e .  An a liq uot (9 m l.) 
o f th e so lu tio n  was taken and hydrolysed in  d is t i l le d  water (10 m l.)*
I t  was then t itr a te d  with 0 .1  N hydrochloric acid , using phenol 
phthalein  as ind ica tor , thus determining the to ta l a lk a l i .  A 
further a liq uot (5 m l.) was withdrawn and added to  a so lu tio n  of 
benzyl chloride ( l  m l.) in  dry ether (10 m l.) , the mixture allowed 
to  stand for  1 minute, then hydrolysed and titr a te d  as before, 
thus determining the non-organblithium a lk a li p r e s e n t / - ^  The 
quantity o f n-butyllith ium  formed was thus estim ated.
I I I .  2: 6-dimethoxyphenyllithium: Mechanical s t ir r in g  was restarted  
and m-dimethoxybenzene (2 2 .5  g . ,  O.169 g.m .) in  petroleum ether (50 m l.) 
added to th e  cold mixture over 30 m ins., s t ir r in g  continued for 
a fbrther JO m ins., then the heating reapplied and refluxing  
continued for a further 4 h r s .,  a f te r  which the so lu tion  was again  
allowed to cool down.
IV* 2 :6-dimethoxybenzoic acid: A slow stream of carbon d iox id e,
dried by passage over anhydrous calcium ch lor id e , was then passed 
through the so lu tio n  for 1 h r ., a fte r  which the mixture was 
slow ly poured on to so lid  carbon dioxide (approximately 1*5 K.) ,  
the f la sk  washed out with a fu rther so lu tio n  of petroleum ether 
(250 m l.) , and the washings added to  the s o lid  carbon dioxide mixture. 
The whole was then l e f t  for 12 h r s ., by which time the so lid  
carbon dioxide had gone, and hydrolysed by the add ition  of water 
(500 m l.) with s t ir r ir g .  The mixture was then f i l t e r e d  and 
separated, when unreacted ra-dimethoxybenzene was recovered from 
the petroleum eth er phase, and 2:6-dimethoxybenzoic acid obtained 
by ether ex traction  o f the aqueous layer  a c id if ie d  with 
hydrochloric acid .
(b) Using 69- 69°  petroleum ether as solvent and bromobenzene as 
reactant halide:
The conditions applied were exactly  as described above, but 
for  the use of bromobenzene (JJ g . , 0.22 g.m .) in  place of ri-butyl 
ch lo r id e . Since the t it r a t io n  method did not apply to  aryl lithium  
compounds, only the t it r a t io n  o f to ta l a lk a li was p o ss ib le .
(c )  Using d ieth y l ether as solvent and n-butyl ch loride as reactant 
halide:
The d ie th y l ether was p u rified  by shaking three times with 
one f i f t h  i t s  volume of ferrous sulphate so lu tio n  ( 5$ in  1$ 
sulphuric a c id ), then three times with an equal volume o f water, and
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drying over ca u stic  soda fla k es  and sodium m etal. F in a lly  
i t  was d is t i l l e d  from m eta llic  sodium and c o lle c te d  at 34°C.
D iethyl ether p u rified  in  th is  way was used in  place of 
petroleum ether, but otherwise cond ition s were id e n tic a l with those  
already described.
(d) Using d ieth y l ether as solvent and bromobenzene as reactant halide  
The same conditions were again maintained, but pu rified  d ie th y l 
ether was used in  place of petroleum ether, and bromobenzene 
(55 g . ,  0.22 g.m .) in  place of n-butyl ch loride .
The r e su lts  o f th is  ser ie s  o f experiments are shown in  
Table XV.
2:6-dihydraxy-5-alkylbenzoic acids through 2 :6-dim ethoxy-5-alkyl -
phenyllithium  compounds.
I .  2:6-dim ethoxy-3-alkylbenzoic acids: n-butyllith ium  from
lith ium  powder (3 g . * O.43 g.m.) and n-butyl chloride (20 .4  g .,0 .2 2  g.m. 
was reacted with the appropriate 2 :4-dimethoxyalkylbenzene (0,163 g.m .) 
in  63- 69° petroleum ether as so lv en t, and the product subjected  
to  d ir e c t  carbonation,when the acid was formed. The conditions  
were as described previously (se c tio n  a ) . The y ie ld s  obtained are 
shown in  Table XVI.
I I .  2: 6-dihyroxy-3~silkylbenzoic acid: The 2 :6-dime thoxy-3-a lk y l “
benzoic acid (O.O33 g.m .) was d isso lved  in  dry benzene (360 m l.)
powdered anhydrous aluminium chloride (22 .4  g .)  added and the
heated
mixture on the steam bath/under reflux  with constant mechanical
Table XVI.
2:6-dimethoxy-5-alkyrbenzoic acids from 2:4-diraethoxyalkylbenzenes.
S tarting
m ateria l.
i
2: 6-dim ethoxy-3-a lk y lb en zoic  acid . 2 :4 -dimethoxy-
alkylbenzene
recovered.
g*
weight | overa ll 
j y ie ld
|
g- 1°i
y ie ld  ca lcu la ted  
on reacted  
2:4-dimethoxy- 
alkylbenzene •
%
-
2:4-dimethoxy-
to lu en e.
( 16. 5g . , 0.11
g.m.)
3 .2  ' 23
4 .1  20 
3 .4  26
1
35 5 .0  
53 j 6 .5  ; 
37 j 5 .5
i!
2:4 -dimethoxy
ethylbenzene
( 27. 1g . , 0 . l 6^
g.m .)
18.7 1 55 
22.1 i 63
19.8 37
i
85 9*5 
82 J 9 .7  
80 8 .2
2:4 -dimethoxy \ 6 .2  | 26 
n-propylbenzen^ 3*6 j 23 
U 9 .5 g .,0 .1 1  j 3 .8  | 24 
| g.m .) | |
40 ! 7 .1  
42 I 8 .9  
45 | 8 .8
i
2:4 -dimethoxy 
n-butylbenzene
t 21. 5g . . 0.11
g.m .)
j
6 .7  1 26
6 .4  ! 22
5 .5  j 21
■iJ—  . .  .  . . . .
54 11.2
48 : 10.6
38 8 .9
j i
2 :4 -dimethoxy .5*3 19 
n»amylbenzene 3*8 21
r 22. 6g . , 0 .11  3 .1  19
g.m .) j
35 ; 10.3
37 : 9 .9
35 i 11.1•
l j
■ i j 1 
2 :4-dimethoxy ; 3 .2  18 I 37 9*8 
n-hexylbenzene 4 .9  17 1 55 1 10*0 
l2 4 .0 g . ,0 .1 1  ; 5 .7  1 19 | 39 9 .5
g.m.) | ; j
J  _  - - - -  i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Preparation of 2:6-dimethoxy-3~»lkyrbenzoic acids  
through 2 :6-diraethoxy-3-alkylphenyllith iura compounds.
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Table XVII.
2: 6-dihydroxy-5-alkylbenzoic acids from 2: 6-dim ethoxy-3-a lk y lbenzoic
ac id s.
1------------------------
t
Starting
m aterial
2: 6-dihydroxy»3-alkylbenzoic ac id .
i
Weight
g*
O verall y ie ld .
f .
!
j .
(2 s6- dime thoxy 
i-5 thy lbenzoic  
I acid
I
4 .6
. •
00
|2 ;6-dimethoxy 
- 5-ethylbenzo ic  
acid •;
91
2: 6- dimethoxy 
-  5-ri-prbpylbenz 6i  c 
acid
! 5 .0
1!
46
2 :6-diraethoxy 
-  5-n-butylbe nzo ic  
; acid
i
1 .8 26
; 2 : 6-dime thoxy
1 -  3-j2r ib®nz ° i°
acid
1
| 2 .1 28
i2 :6~dimethoxy 
j -  3-ri-hexylbenzoio 
| acid
1 .2 19.
Demethylation of 2:6-dimethoxy~5' 
alkylbenzoic ac id s .
Table XVIII.
2 :6-diraethoxy-3-a lk y lben zoic  acids and 2:6 - dihydroxy -  3 "alkylben co ic
acids*
" -  - -------  ■ ....... .
Alkylbenzoic acid Melting
point
Pound
...............
Required
H J | H#*
2:6-dim ethcxy-3~
methyl
118-6° , „ x6o. 9 
(c? .117-8°)
9-9 w u 6l . l 6 .1
2 :6-dimethoxy-3~
eth y l
95-6° 63.2 6 .9 °11H14°4 62.9 6.7
2 :6- dime th oxy-5"*Il
propyl
75-4° 64.1
;I
7 .1 C12Hi 6°4 64.5 7 .1
2 :6-dimethoxy-3-n  
butyl
8J-40 63.O 7*5 ' C13H18°4 69.3 7 .9
2 :6-dimethoxy-3-n  
srnyl
65- 6° 66.3
j
7 .8 °14H20°4 66 .6 7 .9
2 :6- dime th oxy-3-„n 
hexyl
45-6° (67.7
|
8 .3
. -
°15H2264
.. .
67.7 8 .3
2 :6-  di hyd r oxy- 3 “
methyl
165- 5°
|
156.7
1
4.7 C8H8°4 57.1 4.8
2 :6-dihydroxy-3* 
eth yl
148-9° 
( o f .180°)
99 .2 5 .5 afio°i 59*3 9 .9
2 : o-dihydroxy-3-n.
propyl
2 :6-  di hydro xy- 3~_n
butyl
128- 130°
117-8°
6l.O
62.3
6 .0
6 .4
°10H12°4
C11H14°4
61.2
62A
6 .1
6 .7
2 : 6-dihydroxy-3“H
amyl
106- 8° : 64.7
|
7.3 C12H16°4 64.3 7 .1
2 :6-dihydroxy-3~.n 
hexyl
114-5° i
i
1
C13H1804 69.9 7.9
A ll acids l is te d  r e c r y s ta llise d  e ith er  from 
60- 80° petroleum ether or from benzene-petroleum  
ether mixture.
stirr in g *  The mixture was then cooled , poured onto powdered ic e  
(l^O g .)  w ell s t ir r e d , f i l t e r e d  and th e benzene separated o f f .
On a c id if ic a t io n  with concentrated hydrochloric acid (approximately 
15 m l.) a p rec ip ita te  o f the 2 :6-d.ihydroxy-3-alkylbenzoic acid  
was obtained, and p u rified  by r e c r y s ta ll isa t io n  from petroleum eth er . 
The y ie ld s  obtained are shown in  Table XVII.
2: 6-dim ethoxy-5*raethylbenzoic acid through 2:6-dim ethoxy-5-methyl -
acetophenone.
(a) Synthesis through coumarin interm ediates:
I .  4 :6-dimethy1-7-hydro xycoumarin: Resorcinol (11 g . , 0 .1  g.m.) and 
a ceto a cetic  e ster  (14 .3  g . , 0 .11  g.m.) were mixed in  a 2^0 ml. 
round bottomed flask  immersed in  an ice  bath and treated  with 
phosphoric acid (d . 1. 75, ^  m l.) with mechanical s t ir r in g , the 
S tirr in g- continued for 2 h r s ., then the mixture allowed to stand 
overnight at room temperature. I t  was then poured in to  water ( 2^0 m l.) 
and the p recip ita te  reo r y s ta llised  from d ilu te  methyl alcohol to
give 4:6-diraethyl-7-hydrcxycoumarin ( 13.8 g . ,  7 # >  n*P. 255 -  255°
( c f .  254-5° ) (?h\
I I .  4 :6-dime th y l-7-acetoxycoumarin: 4:6-dimethyl-7-hydroxycoumarin 
(lOg. ) and fused sodium acetate (10 g .)  were refluxed for 3 hrs.
with acetic  anhydride (25 g . ) ,  and mixture poured in to  water (230 m l.) ,
the p rec ip ita te  w ell washed with sodium hydroxide solution(lO $) 
then with water. The 4:6-diinethyl-7-acetoxycoum arin obtained was 
r e c r y s ta llis e d  from d ilu te  methyl alcohol to  g ive  co lo u r le ss  
needles ( 10. 9 g . , 87%) m.p. I 58- 90 (o f . 159° r 74' .
I I I .  4 :6-dimethyl-7~hydroxy-8-acetylcoumarin: An intim ate
mixture of 4 :6-diraethyl-7-acetoxycoumarin (10 g .)  and powdered 
anhydrous aluminium ch loride (25 g . ) was heated to  160° over 1 h r ., 
then maintained at th a t temperature for  a further hour. The reaction  
mass was then cooled in  an ic e  bath, and cold 2N hydrochloric acid  
(2^0 m l.) slow ly added. The p rec ip ita te  was f i l t e r e d , d isso lved
in  sodium carbonate so lu tio n  (10 ml. of 10$) and rep rec ip ita ted  with 
hydrochloric acid . The 4 ,6-dim ethyl-7-hydroxy-8-acetylcoum arin  
so  obtained was r e c r y s ta llise d  from d ilu te  methyl alcohol as pale 
yellow  cry s ta ls  (6 .4  g. 64$) m.p. 213-4° Found : 0 ,67 .1$; H,5.4 $ .
C13H12°4 reclu ires H^*2$ .
IV. 2 :6-dihydroxy-3-methylacetophenone: 4 ,6-dim ethyl-7-hydroxy-8- 
acetylcoumarin (3 g .)  was d isso lved  in sodium hydroxide so lu tion  
(50 ml. o f 20$) and the so lu tio n  warmed on the steam bath for
3 h r s ., a slow stream o f nitrogen being maintained. I t  was then 
cooled ani a c id if ie d  w ith  hydrochloric acid  and the p rec ip ita te  
of 2 : 6-dihydroxy-3-methylacetophenone r e c r y sta llise d  from water 
as orange p la tes  ( 2 .9  g*> 81$) nup. 137- 8 . ( c f .  138° ) ^
V, 2:6-dimethoxy-5-methylacetophenone: 2:6-dihydroxy~5-methyl - 
acetophenone (2*5 g., 0 .015 g.m.) was dissolved in sodium hydroxide 
solution (15 ml* of 20$) and dimethyl sulphate (8g.) added over 15 mins.
The mixture was then stirred for a further hour, then heated on the 
steam bath for 2 hrs. On extraction with ether pale yellow crystals
of 2:6-dimethoxy-5-inethylacetophenone (l.lg,, 5^$) m.p. 22-25°, 
b.p. 120^5 mm, were obtained (cf, m.p. 20-22°)^^. On acidification 
of the alkaline solution, 2-hydrcxy-6-methoxy-5-raethylacetophenone (0 .5  g*) 
was obtained as pale yellow crystals m.p. ^0-^2° b.p. 110-111°/2 mm.
Found: C,66.6$; H, 6.8$. C ^ H ^ O ^  required C, 66.7$, H.6.7$*
VI. 2:6-dimethoxy-5-methylbenzoic acid: A solution of sodium hydroxide
(5*5 ml. of 40$) was added to powdered ice (20 g.) and chlorine
prepared by the action of concentrated hydrochloric acid on potassium 
a
permanganjte passed through until the solution was neutral to litmus.
Further sodium hydroxide solution (5 ml. of 20$) was then added.
The temperature was raised to 85° and 2:6-dimethoxy-5-methylacetophenone 
(1.5 g.) added over 15 mins., with constant mechanical stirring.
The temperaturo was maintained at 85° and the stirring continued for a 
further 2 hrs., then the solution cooled and sodium bisulphite (2 g.) 
added to destroy unchanged sodium hypochlorite. When the excess 
hypochlorite was removed, the solution was acidified with concentrated 
hydrochloric acid and the precipitated acid recrystallised from benzene to 
give colourless crystals (1 .05 g., 75/0 m.p. 115-6° identical with those 
obtained by carbonation of 2 :6-dimethoxy-3-methylphenyllithium .
(cf. m.p. 117-8°)^^*
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(b) Synthesis through 2 :6-dimethoxy-5**methylphenyllithium.
2 : 6-dim ethoxy-5-methylacetophenone: 2 : 6-dim ethoxy-5-methylphenyl-
lith ium  was formed as before in  d ieth y l ether by reaction  o f ri- 
butyllith ium  from lithium  powder (1 g . , 0.144 g.m .) and n,-butyl 
chloride ( 6 .8  g . , 0 .075 g»m.) with 2:4-dimethoxy toluene (8 .4  g . ,
0 .055 g*m.) and a ce ty l ch loride (17*4 g . ,  0 .22  g.m .) added to  the  
cold so lirtion . The so lu tio n  was then refluxed with constant s t ir r in g  
for  24 hours then allowed to stand at room temperature for 21 days, 
when pale yellow cry sta ls  ( 6 .9  g . , 65 $) id e n t ic a l to  those 
obtained by m ethylation o f 2 :6-dihydroxy-5-methylacetophenone, were 
obtained on h yd rolysis .
When the same experiment was repeated in  65- 69° petroleum  
ether only unchanged 2:4-dimethoxytoluene was obtained.
The 2 :6-dimethoxy-5-methylacetophenone was oxid ised  as before  
with sodium hypochlorite to give 2*.6-dimethoxy-5'*methylbenzoic 
a c id .
2 : 6-dim ethoxy-5~gthylbenzoic acid through 2 : 6- dim ethoxy-5-ethyl -
acetophenone.
(a ) Synthesis through coumarin interm ediates.
The procedure was id en tica l with that already described for
the methyl isomer.
1 . 4-methyl-6-ethyl-7-hydroxycoumarin: On r e c r y s ta llisa t io n
from d ilu te  ethyl a lcoh ol, a y ie ld  of 74$ co lo u r less  c r y s ta ls , m.p. 
212- 5° was obtained ( c f .  m.p. 215° ) ^
II. 4-m ethyl-6-ethyl-7-acetoxycoum arin: A cety lation  y ie ld ed  83$
co lou rless  c ry s ta ls  m.p. 142° (cf. 144°)^^^.
III. 4-m ethyl-6-ethyl-7-hydroxy-8-acetylcaum arin: On r e c r y s ta l l isa t io n
from dilute ethyl alcohol 68$ pale yellow crystals m.p. 138-9° were
. . .  , / _ __nOv(l00)
obtained (cf. m.p. 159 ) •
IV. 2:6-dihydroxy-3~ethylacetophenone: A 73$ yield of pale yellow  
needles m.p. 132-4° was obtained on recrystallisation from water 
( c f .  m.p. 13? )
V. 2:6-dimethoxy-3-ethylacetophenone: Methylation yielded 35$
pale yellow oil b.p . 130-151°/5 mnu Found C, 68.6 $; H, 7.4$.
required C, 69. 0 ; H, 7.7$«
VI. 2:6-dim ethoxy~3-ethylbenzoic acid: Oxidation yielded 69$ acid
m.p. 95- 6° on r e c r y s ta ll isa t io n  from 60- 80° petroleum ether, the 
melting point o f which was not changed by mixing with the product 
obtained by d irec t carbonation of 2:6-dimethoxy-3-ethylphenyllith ium .
(b) Synthesis through 2: 6-diraethoxy-3-ethylphenyllith ium .
The same conditions applied as in  the preparation of the methyl 
isoraer. When 2: 4-dimethoxyethylbenzene (9*1 g- » 0.035 g.m .) was 
reacted with n-butyllith ium  followed by acety l chloride in .65-9°  
petroleum ether, starting  m aterial was recovered unchanged, but in  
d ie th y l ether a y ie ld  of 2 :6-dimethoxy-3-ethylacetophenone ( 6*9 6* • 0^$) 
id e n t ic a l with that obtained by m ethylation of 2 : 6- dihydroxy-3- ethyl 
acetophenone was afforded.
2 :6-dim ethoxy-?-hexylbenzoic acid through 2 :6-dim ethoxy-5-n -hexyl -
acetophenone.
The procedure was id e n tic a l with th at already described for  the 
methyl i s  oner.
I* 4-methyl-6-n-hexyl-7-hydroxycoumarinJ A y ie ld  of co lo u r less  
cry s ta ls  (84 i )  m.p* 165- I 660 was obtained on r e c r y s ta ll isa t io n  from 
d ilu te  ethy l a lcoh o l.
I I .  4-m ethyl-6-n-hexyl-7-acetoxycoum arin: A y ie ld  o f co lo u r less  needles 
(B550 m.p. 110- 111° was obtained on r e c r v s ta ll isa t io n  from d ilu te  eth y l 
alcohol. Found, 0,71*7$; H, 6-8 $ * ^ g H22G4 re<lu ires  71«9$* 7#2$.
I I I .  4-methyl-6-rv-hexyI-7-hydroxy-8-acetylcoumarin: No c r y s ta llin e  
m aterial was iso la te d  from the mixture.
IV. 2 :6-dihydroxy-*3-n~hexylacetophenone: An attempt to hydrolyse some 
of the cradle rearrargement product did not y ie ld  any pure substance.
2 :6-dimethoxyacetophenone through 2 : d-dimethoxyphenyllithium.
The conditions were the same as those already described for the 
preparation of 2 : 6-dim ethoxy-3-methylacetophenone through 
2 : 6-dime thoxy-3"mei'hylphenyllithium . m-diinethoxybenzene ( 22,5 g. *
O.165 g.m .) was reacted in  d ieth y l ether with the n-butyllith ium  
from lith ium  powder, (3 g . , O.43 g.m .) and n-butyl chloride  
( 20.4 g . , 0.22 g.m .) and a cety l chloride (52 g . , 0 .66  g.m .) added 
to  the cold so lu tio n . The mixture was refluxed for 24 h r s ., with
constant mechanical s t ir r in g , then allowed to  stand at room 
temperature for 21 days, when co lo u r less  c ry s ta ls  of 2: 6-  
dimethoxyacetophenone ( 19*5 g** 60$) m.p. 72- 75° were obtained 
on r e c r y s ta l l isa t io n  frcra 60~B0° petroleum ether ( c f .  m.p. 68- 9°)
When the same experiment was repeated using 65-68° petroleum  
ether in  place o f d ie th y l ether as so lv en t, only unchanged 
m-dimethoxybenzene was recovered.
2 :6-dimethoxytoluene through 2 :6-diiaeth.oxyphenyllithium.
2 : 6-dimethoxyphenyllithium was formed as before in  65- 69° 
petroleum ether by reaction  of jn-butyllithiura from lith ium  powder 
(5 g . ,  O.43 g.m .) and n-butyl chloride (£0 .4  g . , 0 .22  g.m .) with 
m-dime th oxybe nz ene ( 22.5 g . ,  O.165 g . m . a n d  methyl iodide  
(95.^  g . .  0 .6 6 .g.m .) added to  the cold so lu tio n . A fter 1 hr. 
at room temperature with mechanical s t ir r in g , heating was applied , 
and the so lu tio n  refluxed  for 24 h r s .,  then l e f t  at room temperature 
for 21 days. Water (250 m l.) was then added, the mixture e tirred  
for 15 m ins., then f i l t e r e d .  Only unreacted m-dimethoxybenzene 
was iso la te d .
When the same experiment was repeated in  pure dry d ieth y l 
ether in  place o f petroleum ether as so lv en t, a y ie ld  o f  pure 
2:6-dimethoxytoluene (1 0 .5  g.* 45 $) m.p. 57~5®° was obtained
2:6-dlmethoxyethylbenzene through 2:6-dimethoxyphenyllithiumo
When the above experiments were repeated using eth y l iod ide  
(103 g*, 0 .66  g.m .) in  place of methyl iod id e , a y ie ld  o f  
2:6-dimethoxyethylbenzene ( 13. 6 .g . ,  $jf>) m.p. ( c «^ ^ .p . 6o°
was obtained in d ie th y l ether so lu tio n , but in 63- 69° petroleum  
ether so lu tio n  again only unreacted m-dimethoxybenzene was 
recovered.
Oxidation o f 2 :6 -dimethoxytoluene to 2 :6-dimethoxybenzoio a c id .
2 :6-dimethoxytoluene g .)  in  water (100 ml.) a t 80° was 
treated  with potassium permanganate (10 .4  g . ) over 1 hr. with 
constant mechanic?1 s t ir r in g . A fter standing overnight, the 
so lu tio n  was washed with water, when on a c id if ic a t io n  o f the 
f i l t r a t e  with concentrated hydrochloric ac id , a p rec ip ita te  was 
obtained, which on r e c r y s ta llisa t io n  from benzene y ielded  2:6- 
dimethoxybenzoic acid (4 .3  g . , 71/0 m.p. 186-7°.
2:4-dlmethoxytoluene through 2 :4-dimethoxyphenyllithium.
I .  2:4-dimethoxybromobenzene: Succinimide was prepared as white
cry sta ls  m.p. 123- 8° by thermal condensation of ammonium succinate  
formed by the add ition  o f ammonia (28$0 to su ccin ic  a c id ^ ^ ^ .
Succinimide prepared as above (80g.) was d isso lved  in  sodivm 
hydroxide so lu tio n  (200 ml. o f 3 ^ )  an  ^ powdered ic e  (1^0 g . )
added. Bromine (42 .8  m l.) was then added quickly to  the xvell
s t ir re d  so lu tio n , and stirrir^g continued for mins. The N-
bromosuccinimide formed was then f i l t e r e d ,  w ell washed with ic e
130.
(102)
cold  water, and dried at 40°, whsn 109 g. m aterial s u f f ic ie n t ly  
pure fo r  use as a reagent was obtained*
m-dimethoxybenzene (15 g*) was d isso lved  in  carbon te trach lor id e
(10 m l.) and bromosuccinimide (8 g . ) added. The mixture was 
refluxed for 6 h r s ., on the steam bath, then fr a c tio n a lly  
d is t i l l e d  under reduced pressure to g ive 2 :4-diroethoxybromobenzene, 
which was r e d is t i l le d  severa l times to y ie ld  a pale yellow  o i l  
b .p . 156-158o/3 0  mm. (o f .  152725
The quantity o f carbon tetrach lorid e used as so lven t was 
varied  and the y ie ld  increased somewhat as shown in  Table IXX.
Table IXX.
2:4-dimethoxybromobenzene from m-dimethoxybenzene 
( c f .  107).
Carbon
te tr a ­
ch loride
j
2: 4-dimethoxy bromobenzene
_
Recovered
m-dimethoxy
Weight
g-
Overall
y ie ld
i
Y ield ca lcu lated  on 
unrecovered m dimethoxy 
benzene, ^
’ . . .
benzene
g*
2-3 10 51 10.0
10 2.3 10 31 ! 10.3
2 .9 12 5°  i 9 .8
r  3-2 21 44 ! 7 .6
50 8.1 34 48 i 4 .4
6 .3 26 60 j............. . . j 8..5
6 . 3 27 30 | 6.7
100 4.8 20 3 8  i 7.1
—
M-----  ------ 20 33 1 6.2
(b) 2:4-dimethoxytoluene: 2:4-dimethoxybromobenzene (23*4 g . ,
0.11 g.m .) was added to  a solutionjof n-butyl lith ium  formed from 
lith ium  powder (2 g . ,  0 .29  g*m*) and n^butylchloride (1 3 .6  g . , 0 .15  g.m .) 
in  d ie th y l e th er , and the so lu tion  refluxed fo r  6 h r s ., with 
constant mechanical s t ir r in g , and th e  passage o f a slow stream of 
dry nitrogen. The mixture was then cooled, methyl iodide  
(62 .4  g . , 0 .66  g.ra.) added, and th e  vvhole s t ir r e d  for  1 h r ., then 
refluxed for 24 h r s .,  and allowed to stand a t  room temperature 
for  21 days. At the end of th is  period the mixture was hydrolysed 
and 2:4-dimethoxy toluene (3*1 g. , 3°$) 127°/30 mm. obtained
( c f .  211° / 760 mm.)^10^ .
2:4-dime thoxyethylbenzene from 2:4-dlmethoxy phenyl lith ium .
The conditions were exactly  as described above for  the 
preparation o f 2:4-dimethoxy to lu en e, but e th y l iodide (69 g .,0 .4 4  g.m.) 
was added in  place o f methyl io id id e . A y ie ld  of 2:4-dimethoxy- 
(fethylbenzene (9»7 g.* 44 %) b .p . 110° / l l  mm. was obtained  
( c f .  115°/15
2:4 -dimethoxybenzoic acid  through 2:4-dimethoxyphenyllithium.
2:4-dimethoxyphonyllithium was formed in  d ie th y l ether 
so lu tio n  as already described. I t  was then subjected to  d irect  
carbonation by passage of carbon dioxide and pouring on to  s o lid  
carbon d io x id e?when 2: 4-dimethoxybenzoic acid  ( 12.9 g*, 62$) m.p.
108-9° was obtained on hydrolysis ( c f .  109°)^8^ .
When the experiment was repeated using phenyllithium  from
lith ium  (2 g . ,  O.29 g.m .) and bromobenzene ( 25.6 g . , 0 .15  g.m .) in  
place o f n-butyllithium ,2:4-diraethcxybenzoic acid (6 .9g .*  J4$) was 
obtained. 20
Conclusion.
It was suggested in the introduction that the chemist engaged 
in the field of chemotherapy must not be too highly specialised since 
he may be called upon not only to isolate the active principle of 
naturally occurring products or to synthesis new products, but also to 
develop methods of estimating the new drugs in biological fluids, to 
investigate the metabolism of the drugs in the body, and to determine 
their physical properties. This also applies equally to other 
scientists engaged in the work. For each there is a specialised section, 
but the bulk of the work constitutes a common pool to which all may 
contribute and from which all may draw. In this way it is possible 
to have a greater total knowledge applied to any one problem, so that 
the problem is approached from several points of view, and thus the 
possibility of its solution is increased.
In the initial investigation into the mode of action of sodium 
salicylate in rheumatic fever it was confirmed that remission of the 
disease was determined by the plasma concentration of the drug. This 
concentration was, however, much less closely related to the dosage, 
so that there was considerable variation in response to the same dose.
It was also found that the secondary symptoms produced by salicylate 
therapy were, taken together, sufficiently characteristic to be 
designated the "special salicylate syndrome1' and this syndrome was 
found to develop in patients with a plasma salicylate concentration
not sufficiently far removed from the effective therapeutic plasma 
concentration to ensure that an effective dosage for one patient would 
not constitute a mildly toxic dose for another. The development 
of a mild but unmistakable Cushing's syndrome in a patient receiving 
sodium salicylate treatment was observed with interest, since these 
symptoms have frequently been noted in patients during administration 
of cortisone and A.C.T.H. The biochemical changes following salicylate 
treatment of acute rheumatism are, in fact, similar in several respects 
to those resulting from cortisone administration.
Salicylate was quite effective in inducing remission of rheumatic 
fever, but was not entirely satisfactory as a drug because of the frequency 
of occurrence of distressing side effects. It was felt therefore, that 
some other compound chemically similar to salicylate might be found with 
a greater margin of safety between the therapeutic and toxic doses.
The mcst prominent chemical feature of the salicylate molecule, the 
chelation between the hydroxyl and carboxyl groups and the resulting 
increase in acid strength as compared with the therapeutically inactive 
m -  and j a -  hydroxybenzoic acids, is further enhanced in 2:6-dihydroxvbenzoic 
acid. It was therefore felt that a trial of the-sodium salt of this 
acid as an anti-rheumatic drug might be of interest. A survey was made 
of the various methods of preparation of 2:6-dihydroxybenzoic acid 
published in the literature, and a practical laboratory method developed.
Although the symptoms of rheumatic fever were relieved by 
approximately one tenth of the dose of sodium salicylate, symptoms 
of overdosage including the development of a mild Cushing's syndrome 
were also observed, so that it seemed apparent that sodium 
2:6-dihydroxybenzoate possessed at least to some extent a common mode of 
action with both sodium salicylate and cortisone. Thus although the 
trial was not successful in introducing a safer anti-rheumatic drug, it 
indicated that further research into o-hydroxy substituted benzoic acids 
might be profitable. A further disadvantage of sodium 2:6- 
dihydroxybenzoate was its rapidity of excretion in theurine after oral 
or parenteral administration. In 2:6-dihydrox3>'-3--alkylbenzoic acids 
the degree of chelation might be anticipated to be of the same order 
as in 2:6-dihydroxybenzoic acid, and a longer period of action might be 
expected.
A series of 2:6-dihydroxy-3-alkyIbenzoic acids was therefore 
prepared by direct carbon&tion of the corresponding organolithium 
compounds and some investigation of the optimum conditions for 
the reaction carried out. The configuration of the acids was verified 
by synthesis of two members of the series by a more unequivocal route, 
through the 4~methyl~6-s&kyl-7~hydroxy-fl-acetylcaumarin, and the 
common identity of the two final products established. Further 
applications of the organolithium compounds in formation of 2:6-dimethoxy 
acyl and alkyl benzenes were investigated and the practicability of use 
of 2 :6-dimethoxyphenyllithium as an intermediary established. The
formation of 2:4-dimethoxy aoyl and alkyl benzenes through reaction 
of an appropriate reagent with 2:4-dimethoxyphenyllithium obtained 
from 2:4-dimethaxybromobenzene was also investigated, and the formation 
of 2:4-dimethoxybenzoic acid by direct carbonation of 2:4-dimethoxyphenyl- 
lithium verified. Clinical and pharmacological investigation of this 
series of acids is new to be carried out.
---it - •
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